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NOT SOLELY A MAN’S PROFESSION 


REASSESSMENT OF GREAT BRITAIN’S HUMAN 
resources has brought to the fore the question of 
‘technological womanpower’. Whereas previous 

Government pronouncements on technical educa- 
tion have usually considered only boys, the White Paper on 
the subject published earlier this year refers throughout to 
boys and girls, and implies that girls are a large potential 
source of professional engineers. Strenuous efforts since the 
1939-45 War have more than doubled the pre-war annual 
output of men trained in the engineering sciences, but the 
expansion in demand has been so great that there is still a 
nation-wide shortage. More women engineers would reduce 
this shortage and strengthen the country’s technological 
effort, so vital if Britain is to maintain her position in the 
world. Looking to the more distant future, we believe that 
the presence of more married women with scientific training 
is likely to encourage more British boys and girls to think 
seriously about adopting scientific or technical careers. A 
boy’s mother often indirectly influences his choice of career 
more than his father. 

Yet the young women whom the Government is hoping to 
attract into professional electrical engineering, among other 
technological pursuits, would not be pioneers. Mrs. Hertha 
Ayrton was elected a Member of The Institution in 1899, and 
Miss Gertrude Entwisle joined in 1916 and became an Asso- 
ciate Member in 1920. By 1938 there were 22 women members, 
of whom six had achieved Corporate status; to-day the 
corresponding figures are 73 and 27. Unlike stockbroking, 
electrical engineering has never been a profession forbidden 
to women, but few women have chosen to follow it. Why is 
this so? The reason is, of course, partly tradition—partly the 
feeling that, however capable with her hands a girl is, engineer- 
ing is a messy business that she can well leave to her ruffianly 
brothers. If, as does occur, the recruitment of a boy into 
engineering may be hindered by social prejudice and by 
parents’ and teachers’ lack of scientific knowledge, how much 
worse is the position of his sister. There has always been a 
shortage of science teachers in girls’ schools, and prejudice 
against the supposedly uneconomic advanced training of 
women is still widespread, both inside and out of industry. 
It must be recognized that, while in professions such as 
medicine or the Bar, women practise on nearly equal 
terms with men, in the electrical industry this is generally 
not so. 

The first real influx of women into electrical engineering 
came during the 1914-18 War, when, as now, there was an 
acute shortage of professional engineers. Few of these women 
stayed for long, but the chief cause of their retirement was the 
marriage bar, an obstruction which now has been almost 


cleared away. It is no longer potentially wasteful to train 
women to an advanced level, for few women who have had 
the determination to become fully qualified willingly desert 
their chosen professions for long. Many a woman who trains 
for a professional career is stimulated by an intense longing 
to do something really useful in life and make the best use of 
her talents. This desire, together with the natural creative 
urge, is admirably fulfilled in engineering. There is great joy 
for women, as well as men, to be had from the searching and 
applying, the designing and making which the profession 
embraces; it is a truism that the outcome of a piece of engineer- 
ing research or development can give rise to a most satisfying 
sense of achievement. 

It is indeed in research and development that women are 
most likely to find their mark as electrical engineers, and 
owing to the training in physics that many women electrical 
engineers possess, they tend to find their way to the light, 
rather than the heavy, side of the profession. Many engineering 
positions in the supply industry, the Post Office, transport, 
etc., involve shift work and control of male technicians and 
craftsmen; they are unlikely to be offered to, or indeed to suit, 
women engineers. But the electrical industry is diverse, and 
there are numerous positions in it that could well be filled by 
qualified women engineers, were there more of them. 

What is now needed is a vigorous propaganda campaign 
directed towards girls, their parents and their teachers, and 
towards their potential employers. So far there have been no 
real signs that an appreciable intake of professional women 
engineers would be welcome in all the appropriate parts of 
the electrical industry. The engineering manpower situation 
being what it is, sustained effort must be made to establish 
quickly the advantages of more engineering girl graduates, 
with a willingness to allow them to train for and eventually 
to occupy responsible posts. It is true that continuity of 
employment will be lower for women than for men, but the 
proportion of those who have enthusiasm and ability is likely 
to be the same, and a young girl of promise who is given day 
release for engineering studies should not become frustrated 
through continuance in an occupation providing little engi- 
neering background. 

That attention to this potential source is now due, and 
indeed overdue, can be seen from the following statistics. In 
the United States there were 730 women engineers in 1940 
and 6475 in 1950. In the Soviet Union more than one-quarter 
of the fully trained engineers are women, and the proportion 
of those undergoing training in electrical fields is now nearly 
one-half. For the future well-being of Great Britain, we hope 
the enlightened attitude of the White Paper will become more 
widely held, among girls themselves and their employers. 
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A NEW DEEP-SEA COAXIAL CABLE 


Development work during the last five years has resulted 
in a new type of deep-sea coaxial cable which is cheaper 
and lighter than the present conventional type. It has no 
external armour and is virtually free from any tendency to 
kink. Ocean trials are about to take place, and, if successful, 
the armoured type of deep-sea telephone cable will probably 
soon become obsolescent. The authors of this short article 
on the cable are respectively with the Research Branch of 
the British Post Office and with Submarine Cables Ltd. 


R. A. BROCKBANK, PH.D., B.SC.(ENG.), ASSOCIATE 
MEMBER 


A. L. MEYERS, B.SC.(ENG.), MEMBER 








years ago it has been standard practice to armour 

them for protection and longitudinal strength with 
a single layer of steel wires. This armour consists of very 
heavy wires for shallow depths, where trawls, anchors, 
rocks, etc., may damage the cable. In ocean depths the 
wires are reduced to a size which will give adequate 
tensile strength for laying and recovering the cable. A 
major disadvantage which has always existed for single- 
layer wire armoured cables results from the comparative 
freedom with which the cable twists under tension, 
thereby tending to throw turns or loops into the cable 
at a low-tension point, which in practice is normally the 
sea bed.' Under subsequent tension these turns develop 
into kinks which may seriously damage the cable. The 
advent of rigid submerged repeaters has further tended 
to aggravate this trouble. Double-layer wire armour with 
reverse lays is a cure but only at the expense of greatly 
increased cost, heavier cable-laying engines and reduced 
cable capacity in the ship’s tanks. 

In August 1951 the British Post Office proposed? an 
entirely novel type of construction for a deep-sea coaxial 
cable. Since steel-wire protection is unnecessary in deep 
water, where almost perfect quiet reigns, the strength 
member can be placed at the centre of the inner conductor, 
which is ineffective in so far as carrier-frequency trans- 
mission is concerned. The steel used in this position can 
have a very high tensile strength and in strand form it 
can be designed to be balanced, i.e. with no tendency to 
twist under tension. A further advantage gained from 
placing the steel at the centre is the complete elimination 
of any deterioration in the strength of the cable with 
time, such as occurs to a greater or less extent on con- 
ventional cables through corrosion of the armour wires. 
It was proposed that the steel strand should be enclosed 
with a longitudinal copper tape to form the inner 
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S INCE the first submarine cables were laid some 100 


conductor, and this should prove to be rather more 
efficient and more stable than the normal type of stranded 
copper conductor. Polythene insulation was then to be 
extruded to a suitable diameter and the outer conductor 
applied in the form of long-lay tapes. An overall pro- 
tection with a suitable type of non-metallic sheath 
completed the cable. Aluminium was initially proposed 
as a satisfactory material for the outer tapes, and because 
of the resulting very low weight of this new cable, 
particularly in water, it has since been called the ‘light- 
weight’ cable. 

A submarine cable manufacturer was consulted, and 
with his active co-operation the first experimental length 
of a light-weight cable using copper return tapes was 
produced before the end of 1951. This cable had a core 
diameter of 0-80 inch, an ultimate tensile strength of 
about 5 tons and a weight in water of about 15 cwt/n.m., 
which would have reduced to just over 10 cwt/n.m. if alu- 
minium tapes had been used.* The external protection 
consisted of compounded hessian tapes. 

During the next few months a large programme of 
tests was carried out to determine the general mechanical 
and electrical properties of this cable. 

Some of the results can be mentioned briefly as 
follows: 

(a) The centre conductor did not penetrate nto the polythene 
when held for 30min round a 34ft-diameter drum at near breaking 
load. 

(b) The cable withstood several backward and forward bends 


round a 44ft-diameter drum with no observable damage, though 
round a 2 ft-diameter drum a slight wave could be detected on the 


copper tapes. 

(c) Preliminary soft-soldered steel-strand joints yielded about 60% 
of the strength of the steel strand. 

(d) Holding the cable with seaman’s stoppers would apparently 
have been quite successful but for the sliding of the compounded 
hessian protection. 

(e) There was a complete absence of knuckling. 

(f) Intermodulation due to the steel strand could not be detected 
even at frequencies as low as 2 kc/s. 


It was concluded from this series of tests that the cable 
was a practical proposition and should possess important 
advantages over existing submarine telephone-cable 
construction. More development was however shown to 
be necessary, e.g. for improving the balance of the strand, 
improving the grip of the inner copper conductor on the 
steel strand and providing a more rigid outer protective 
sheath. A preliminary study indicated that for the same 
attenuation the cost of a light-weight cable would be 
appreciably less than that of an equivalent conventional 
cable with deep-sea armour. 

High stability of the electrical characteristics of a cable 
is essential in any multi-repeatered submarine telephone 
system. This requirement has become much more severe 
recently in view of the enormous attenuations now being 


* n.m.=nautical mile 
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envisaged for possible future broad-band transoceanic 
systems. Precision stability measurements on short 
lengths of cable are extremely difficult, and it is also not 
easy to simulate the effect of laying operations and 
ocean bottom conditions. These factors were appreciated 
when the use of aluminium return tapes was proposed, 
since this material is notorious for its aptitude to corrode 
in many situations. It was considered however that with 
suitable precautions corrosion could be kept very low. 
All possible information on this aspect of the cable was 
sought, and laboratory. and sea tests on aluminium 
samples were started, but it was evident that none of 
these data would give a direct answer as to the resultant 
change in electrical characteristics of the cable. It was 
provisionally assumed that if there was little visual 
evidence of corrosion the electrical performance would 
not be seriously impaired. Experience with copper for 
outer conductor tapes is considerable and generally 
satisfactory, and its possible use in this cable was not 
precluded though it would appreciably decrease the 
modulus, defined as the length in water which the cable 
strength can support. 

Progress in the further development of the cable 
continued but at a much reduced rate owing to the 
heavy commitments of both organizations over the 
transatlantic telephone cable system. Several lengths 
of cable were manufactured embodying progressively 
improving techniques of which the most important were 
as follows. A steel strand was developed? which showed 
less than one quarter of a turn twist in 30 fathoms up to 
90% of the breaking strength. Still later it was found that 
the strength of a strand could be increased by a swaging 
technique. Several methods of applying the copper 
conductor were tested: a suitable one appeared to be a 
tightly applied longitudinal tape closed with a folded 
box seam, the slight protuberance due to the seam not 
being considered to be a disadvantage. After a tight 
application of polythene the aluminium tapes are held 
closely to the surface of the polythene with a cotton tape 
heavily impregnated with barium chromate, which 
experience suggests as being efficacious as a corrosion 
inhibitor. A tightly extruded sheath of polythene over 
the cotton tape then completes the cable. Swaging has 
now displaced soft soldering as a means of jointing the 
steel strand. Fig. 1 shows a cross-section of a late version 
of the cable. 


Comparison of Light-weight and Conventional Cable 


Although most development work has been centred 
on a core diameter of about 0-8 inch, a larger cable with a 
core diameter of 0-99 inch has now been designed. Some 
interesting comparative data on these two cables and a 
modern conventional 0-62-inch cable is given in the table. 

The first ocean trials with a length of light-weight 
coaxial cable including a rigid repeater are scheduled to 
be completed before the end of the year. It is confidently 
expected that the superiority of this type of cable will 
be demonstrated, in which event the armoured deep-sea 
type of telephone cable will rapidly become obsolescent. 
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Cross-section of light-weight cable 


a Torsionally balanced steel strands. (26/033 in. plus 4/-080 in.) 
b Longitudinal 15-mil copper tape with box seam. 

c Polythene to 0-800 inch diameter. 

d Six 15-mil aluminium tapes. 

e 10-mil cotton tape impregnated with corrosion inhibitor. 

f Polythene sheath, of outside diameter 1-02 inch. 
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1 Bestey, J. C., and Hicarrt, H. V.: ‘The Recovery of Deep-Sea 
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. Weight : 
Cable type =. | | = Strength | Modulus | Attgnuation 
Air Water 
inches inches tons/n.m. tons/n.m. tons n.m. dB/n.m. 
Light-weight . . 0-80 1-02 0-8 1-5 0-5 5-1 10 2-60 
Light-weight . . 0-99 1-23 1-0 2-0 0-6 6-7 11 2-05 
Transatlantic, Type D 0-62 1-27 1-0 3-1 1-8 12-5 7 3-06 
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CHANGES IN THE BYE-LAWS 
OF THE INSTITUTION 


Approval by the Lords of Her Majesty's Privy Council 


At a Special General Meeting of Corporate Members 
(i.e. Honorary Members, Members and Associate Mem- 
bers) held on the 22nd March 1956 at Savoy Place, W.C.2, 
a schedule of proposed Bye-law changes, which had been 
prepared by the Council, was approved for submission to 
the Privy Council. 

The Privy Council have now approved the changes, the 
details of which are set out in the table appearing below and 
on succeeding pages. 

Copies of the Bye-laws, as revised, together with the 
text of the Royal Charter and the Supplemental Charters 


(including the one granted earlier this year), may be 
obtained from the Secretary on request. 

At the Special General Meeting the President, Sir George 
Nelson, gave a simple introduction to the changes, and 
outlined the reasons why the Council had considered them 
necessary. The proposed changes were then taken item by 
item, but only one of them gave rise to serious discussion, 
namely the amendment to Bye-laws 26 and 27, relating to 
increases in the entrance fees and annual subscriptions. 
A short report of the meeting and discussion is given after 
the table. 





Details of the Bye-law changes 























| 
crane Portions meaett} cicadas | Portions shown rapt ocr a been inserted EPLAMATORY NOIRE 
MEMBERSHIP 
A 3. [The Institution shall consist of— | 3. The Institution shall consist of: The change is designed to preserve 
Honorary Mem- Who shall be Honorary Members the distinction made in Bye-law 10 
bers donee oe Members (Honorary Members) between those 
Members ‘ Comanste Associate Members described in paragraph (a) and those 
Associate Mem- +o en Companions described in paragraph (b) of that 
bers . Associates Bye-law. 
and— Graduates 
Companions ..} Who shall be Students 
Associates known as non- Of the above 
Graduates Corporate (i) Honorary Members, who, when elected 
Students Members. ] Honorary Members, were already Cor- 
porate Members, 
(ii) Members, and 
(iii) Associate Members 
. shall be known as Corporate Members, and 
all others shall be known as non-Corporate 
Members. 
B 6. No Honorary Member, Associate 6. No Honorary Member not being a This is a consequential drafting 
Member, Companion, Associate, Graduate, | Corporate Member, Associate Member, | change following the change made 
or Student shall, by reason of being a mem- | Companion, Associate, Graduate, or | in Bye-law 3. 
ber of The Institution, be entitled to any | Student shall, by reason of being a member 
rights or privileges other than those which, | of The Institution, be entitled to any rights 
by these Bye-laws, attach to the specific | or privileges other than those which, by 
class of members of The Institution to which | these Bye-laws, attach to the specific class 
he belongs, and wherever the term “‘Mem- | of members of The Institution to which he 
ber” is herein used without qualification, it | belongs, and wherever the term “‘Member” 
shall (except where otherwise expressly | is herein used without qualification, it shall 
mentioned) be taken to exclude Honorary | (except where otherwise expressly men- 
Members, Associate Members, Com- | tioned) be taken to exclude such Honorary 
panions, Associates, Graduates, and | Members as are not Corporate Members, 
Students. | Associate Members, Companions, Asso- 
| ciates, Graduates, and Students. 
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PREVIOUS BYE-LAW 
Portions marked [ ] have been deleted 


REVISED BYE-LAW 


Portions shown in bold roman type have been inserted | 


EXPLANATORY NOTES 





MEMBERSHIP—contd. 


7. The Institution may admit such other 
persons as may be hereafter qualified and 
elected in that behalf as [Honorary Mem- 
bers], Members, Associate Members, Com- 
panions, Associates, Graduates, and 
Students respectively, and such persons 
shall sign the Form A in that behalf con- 
tained in the Schedule hereto, or such form 
to the like effect as may from time to time 
be authorized by the Council. 


7. The Institution may admit such other 
persons as may be hereafter qualified 
and elected in that behalf as Members, 
Associate Members, Companions, Asso- 
ciates, Graduates, and Students respectively, 
and such persons shall sign the Form A in 
that behalf contained in the Schedule hereto, 
or such form to the like effect as may from 
time to time be authorized by the Council. 


ABBREVIATED TITLES AND DESCRIPTION OF MEMBERSHIP 


8. (b) Every [Member and Associate Mem- 
ber is and] is entitled to [describe himself as, 
a] Chartered Electrical Engineer, [and] in 
using that description after his name [shall] 
associate with it the designation of the class 
in The Institution to which he belongs, 
stated in accordance with the following 
abbreviated forms, namely, M.I.E.E. or 
A.M.LE.E., as the case may be. 

(c) A [Member or Associate Member] 
practising 
(i) under the title of, or as an officer or em- 

ployee of, a Limited Company authorized 
to carry on the business of an electrical 
engineer in all or any of its branches, or 
(ii) in partnership with any person who is not 
a [Member or Associate Member] of The 
Institution under the title of a Firm 


shall not use or permit to be used after the 
title of any such Company or Firm the 
designation ‘Chartered Electrical Engineer” 
or “Chartered Electrical Engineers” or 
describe or permit the description of such 
Company or Firm in any way as “Char- 
tered Electrical Engineer” or “‘Chartered 
Electrical Engineers.” 


GRADUATES 


15. Every candidate for election or trans- 
fer to the class of Graduates shall have 
attained the age of 21 years but not the age 
of 35 years and shall satisfy the Council— 


(a) that he has passed the Institution Examina- 
tion or possesses an educational qualifica- 
tion approved by the Council for the 
purposes of this Bye-law, and 
(b) either 
(i) that he has followed for not less than 
three years a regular course of higher 
education approved by the Council for 
the purposes of this Bye-law, which, if 
a part-time or “sandwich” course of 
higher education, was undertaken while 
he was concurrently engaged in an 
apprenticeship or in other practical 
engineering work approved by the 
Council for the purposes of this Bye- 
law; or 

(ii) that he has been a Student of The 
Institution for not less than three years. 


Unless the Council decide otherwise in any 
particular case or [cases] a Graduate shall 


| cease to be a member of The Institution at 


the end of the calendar year in which he 
attains the age of 40 years [or, in the case of 
a Graduate who, at the date of the adoption 
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8. (b) Every Corporate Member is entitled 
to the use of the style or title of Chartered 
Electrical Engineer for so long as he shall be 
a Corporate Member. In using that descrip- 
tion after his name he may associate with it 
the designation of the class in The Institution 
to which he belongs, stated in accordance 
with the following abbreviated forms, 
namely, Hon. M.LE.E., M.I.E.E., or 
A.M.LE.E. as the case may be. 
(c) A Corporate Member practising 
(i) under the title of, or as an officer or em- 
ployee of, a Limited Company authorized 
to carry on the business of an electrical 
engineer in all or any of its branches, or 

(ii) in partnership with any person who is not 
a Corporate Member of The Institution 
under the title of a Firm 


shall not use or permit to be used after the 
title of any such Company or Firm the 
designation ‘Chartered Electrical En- 
gineer” or “‘Chartered Electrical Engineers”, 
or describe or permit the description of 
such Company or Firm in any way as 
“Chartered Electrical Engineer’’ or “‘Char- 
tered Electrical Engineers.” 


15. Every candidate for election or 
transfer to the class of Graduates shall have 
attained the age of 21 years but not the age 
of 35 years and shall satisfy the Council— 


(a) that he has passed the Institution Examina- 
tion or possesses an educational qualifica- 
tion approved by the Council for the 
purposes of this Bye-law, and 
(b) either 
(i) that he has followed for not less than 
three years a regular course of higher 
education approved by the Council for 
the purposes of this Bye-law, which, if 
a part-time or “sandwich” course of 
higher education, was undertaken while 
he was concurrently engaged in an 
apprenticeship or in other practical 
engineering work approved by the 
Council for the purposes of this Bye- 
law; or 

(ii) that he has been a Student of The 
Institution for not less than three years. 


Unless the Council decide otherwise in any 
particular case or class of case a Graduate 
shall cease to be a member of The Institu- 
tion at the end of the calendar year in which 
he attains the age of 40 years. 

Until the end of the calendar year in 








The election of Honorary Members 
is governed by Bye-law 10; it is not 
thought appropriate for them to be 
required to sign Form A. 


This change will make for con- 
venience, and thereby, it is thought, 
lead to a wider use of the designation 
“Chartered Electrical Engineer.” 


A drafting improvement. 


The words removed, having served 
their purpose, are no longer required. 
The additional words enable the 
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PREVIOUS BYE-LAW 
Portions marked [ ] have been deleted 


REVISED BYE-LAW 
Portions shown in bold roman type have been inserted 


EXPLANATORY NOTES 








GRA DUATES—contd. 

of this Bye-law, has already attained the 

age of 41 years, at the end of the year 1952]. 
Until the end of the calendar year in 

which he attains the age of 28 years, a 

Graduate shall be entitled to the same 

privileges as a Student. 


STUDENTS 

16. Every candidate for election to the 
class of Students shall have attained the age 
of 17 years, but not the age of 28 years, and 
shall satisfy the Council— 


(a) that he is undergoing a regular course of 
higher education approved by the Council 
for the purposes of this Bye-law, and 

(b) that he has passed a preliminary quali- 
fying examination approved by the Coun- 
cil for the purposes of this Bye-law except 
that the Council may defer the candidate’s 
presentation of evidence of having passed 
such examination for such period as they 
may decide, which shall not extend beyond 
the end of the year in which he attains the 
age of 23 years, and 

that he intends to satisfy the requirements 

for admission to the class of Graduates 

[and 

that he has been proposed for election by 

a Corporate Member who has personal 

knowledge of the means by which the 

candidate proposes to fulfil the intention 
above mentioned]. 


ELECTION 

20. Candidates for election shall be pro- 
posed and supported as provided hereunder, 
from personal knowledge and in writing, 
according to a form approved by the 
Council— 


(a) Any person desirous of election as a Mem- 
ber, Associate Member, Companion, or 
Associate shall be proposed by two 
Members and supported by three Cor- 
porate Members other than the proposing 
Members. 

(b) Any person desirous of election as a 
Graduate or as a Student shall be proposed 
by [one] Corporate Member. 


(c 


~— 


(d 


~— 


For the purposes of this Bye-law all mem- 
bers of the Council shall be deemed to be 
Members. 

Provided that any person desirous of 
election as a Member, Associate Member, 
Companion, or Associate who resides 
abroad may— 

(i) be proposed by two Corporate Members 
and supported by the Oversea Repre- 
sentative of the Council or the Honorary 
Secretary of The Institution for the 
country in which the candidate resides, or 

(ii) be proposed by one Corporate Member 
and a person in a class of membership of 
a national engineering society or body 
established in the country in which the 





which he attains the age of 28 years, a 
Graduate shall be entitled to the same 
privileges as a Student, and thereafter to 
such privileges, and for such period, as the 
Council may prescribe. 


16. Every candidate for election to the 
class of Students shall have attained the age 
of 17 years, but not the age of 28 years, and 
shall satisfy the Council— 


(a) that he is undergoing a regular course of 
higher education approved by the Council 
for the purposes of this Bye-law, and 

(b) that he has passed a preliminary quali- 
fying examination approved by the Coun- 
cil for the purposes of this Bye-law except 
that the Council may defer the candidate’s 
presentation of evidence of having passed 
such examination for such period as they 
may decide, which shall not extend beyond 
the end of the year in which he attains the 
age of 23 years, and 

(c) that he intends to satisfy the requirements 
for admission to the class of Graduates. 


20. Candidates for election shall be pro- 
posed and supported as provided here- 
under, from personal knowledge and in 
writing, according to a form approved by 
the Council— 

(a) Any person desirous of election as a Mem- 
ber, Associate Member, Companion, or 
Associate shall be proposed by two 
Members and supported by three Cor- 
porate Members other than the proposing 
Members. 

(b) Subject as hereafter in this Bye-law pro- 
vided any person desirous of election as a 
Graduate or as a Student shall be pro- 
posed by two Corporate Members who 
shall in the case of a person desirous of 
election as a Student each sign a declara- 
tion that he has personal knowledge of the 
means by which the person to whom such 
proposal relates proposes to satisfy the 
requirements for admission to the class of 
Graduates. 

For the purposes of this Bye-law all mem- 

bers of the Council shall be deemed to be 

Members. 

Provided that— 

(i) any person desirous of election as a 
Member, Associate Member, Com- 
panion, or Associate who resides 
abroad may— 

(a) be proposed by two Corporate Mem- 
bers and supported by the Oversea 
Representative of the Council or the 
Honorary Secretary of The Institution 
for the country in which the candidate 
resides, or 

(b) be proposed by one Corporate Mem- 
ber and a person in a class of member- 





Council to make suitable arrange- 
ments for Graduates over the age of 
28, for example where an extension 
of Graduate membership has been 
granted because of national service. 


See Note to Bye-law 20. 


The Council regard the Corporate 
Members who act as the proposers 
of applicants for Graduate or Student 
Membership as having a duty to act 
as sponsors and sources of guidance 
during the formative years of these 
new entrants to the profession. The 
change is recommended as likely to 
increase the extent and continuity of 
this guidance, and it will at the same 
time lend added weight to the pro- 
cess of acquiring Institution member- 
ship. 





JouRNAL I.E.E. 

















Oc: 








PREVIOUS BYE-LAW REVISED BYE-LAW LAN. OTES 
ITEM | Portions marked [ ] have been deleted Portions shown in bold roman type have been inserted om ATONE 0 
| ELECTION—contd. 
candidate resides and for the time being 





ship of a national engineering society 


ige- approved for the purposes of this Bye- or body established in the country in 
> of | law by the Council and supported by the which the candidate resides and for the 
ion Oversea Representative or the Honorary time being approved for the purposes 
een Secretary for the country in which the of this Bye-law by the Council and 


‘e. candidate resides, or supported by the Oversea Representa- 

tive or the Honorary Secretary for the 

| country in which the candidate resides, 

or 

(c) if there be no such Representative or 
Honorary Secretary, be proposed by 

three Corporate Members. 

| (ii) any person desirous of election as a 

Graduate or Student who resides 

abroad may— 


(a) be proposed by one Corporate Member 
only and supported by the Oversea 
| Representative of the Council or the 
} Honorary Secretary of The Institution 
for the country in which the candidate 
resides, or 
| (b) if there be no such Representative or 
Honorary Secretary be proposed by 
one Corporate Member only and by a 
person in a class of membership of a 
national engineering society or body 
established in the country in which the 
candidate resides and for the time being 
| approved for the purposes of this Bye- 
law by the Council who shall sign a 
| declaration in the terms required in the 
| case of a proposer who is a Corporate 





Member. 
(iii) if there be no such Representative or | (iii) personal knowledge shall not be 
Honorary Secretary, be proposed by three required of an Oversea Representative 
Corporate Members. or Honorary Secretary who supports 
[Provided also that] personal knowledge a proposal. 


shall not be required of an Oversea Repre- 
sentative or Honorary Secretary who sup- 
ports a proposal. 


H 23. Unless the Council decide otherwise 23. Unless the Council decide otherwise 
any member of any class who is the subject | any member of any class who is the subject 
of a Country or State at war with [His] | of a Country or State at war with Her 
Majesty or [his] successors shall ipso facto | Majesty or Her Successors shall ipso facto A drafting revision. 




















rate cease to be a member of The Institution and | cease to be a member of The Institution 
SETS shall not be eligible for re-election to mem- | and shall not be eligible for re-election to 
dent bership of The Institution so long as the | membership of The Institution so long as 
) act aforesaid state of war shall continue and for | the aforesaid state of war shall continue 
ance such further period thereafter as the Council | and for such further period thereafter as 
— | may determine. the Council may determine. 
y to ENTRANCE FEES, ANNUAL SUBSCRIPTIONS, AND LIFE 
y of COMPOSITIONS 
ame I 26. The following entrance fees shall be 26. The following entrance fees shall The increases are made necessary 
pro- paid by Members, Associate Members, | (subject as hereinafter in this Bye-law pro- | by the fall in the purchasing value of 
iber- Companions, and Associates— vided) be paid by Members, Associate | the £1, but have been kept to a level 
Members .. .. [8 guineas] Members, Companions, and Associates— | below that which would be necessary 
Associate Members.. [5 guineas] Members ..  ..  .. £10 0 © | fully tocounteract that fall. The en- 
Companions.. _.. [8 guineas] Associate Members .. £6 0 @ | trance fees were last increased in 
Associates ..  .. [5 guineas] Companions ..  . £10 0 © | 1950 and before that in 1912, and the 
Graduates .. .. Nil Associates .. .. .. £6 © © | new figures will be more in propor- 
Students .. .. Nil Graduates... .. .. Nil tion to the contribution which is 
Students .. mn .. Nil desirable from a new member to- 
Provided that— Provided that— wards the development of the assets 
(a) Persons transferred from one class to | (a) Persons transferred from one class to 6 ae eee > gine pene 
another class shall pay an amount equal to another class shall pay an amount equal wai pees GS a a 
the difference between the entrance fees to the difference between the entrance fees | entails. 
applying to each such class at the time of applying to each such class at the time of 
transfer, and transfer, and 
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ENTRANCE FEES, ANNUAL SUBSCRIPTIONS, AND LIFE 


COMPOSITIONS—conid. 
(b) A Graduate or Student who as such has 
paid not less than three consecutive annual 
subscriptions shall on transfer to the class 


of Associate Members pay an entrance fee | 


of [three guineas. ] 


27. Subject to the right of compounding 
hereinafter referred to, the following annual 
subscriptions shall be payable by the mem- 
bers of The Institution— 

[ In Great Britain, 
Northern Ireland, 
the Isle of Man and 
the Channel Islands. Abroad. 


gs a ¢€ s & ©. 
Members... raw | 415 0 
Associate Members... 4 5 0 310 0 
Companions. . L832 ¢@ 415 0 
Associates .. . 2 310 0 
Graduates over 28 .. 4 0 O 3 5 0 
Graduates 26-28 ce @ 215 0 
Graduates under 26 2 2 0 200 
Students over 26 em 215 0 
Students 23-26 — 200 
Students under 23 .. 110 0 1 7 6] 


In the case of Graduates and Students, 
the change in the rate of subscription conse- 
quent upon the attainment of the ages 
specified above, shall take effect from the 
first day of January next following the day 
on which the specified age is attained. 

Provided that the Council shall have 
power at any time if in the opinion of the 
Council the financial position of The Institu- 
tion so allows to prescribe that the respec- 
tive annual subscriptions or any of them 
shall be less than those set out above but 
not less than those respectively prescribed 
by the Special Resolution of the predecessors 
of The Institution confirmed on the 30th 
May, 1912. 








(b) A Graduate or Student who as such has 
paid not less than three consecutive annual 
subscriptions shall on transfer to the class 
of Associate Members pay an entrance fee 
of £4 Os. Od. If he has also paid not less 
than three consecutive annual subscriptions 
as a Student over and above such three con- 
secutive annual subscriptions as are referred 
to in the first sentence of this sub-clause he 
shall pay an entrance fee of £2 Os. Od. in 
lieu of an entrance fee of £4 Os. Od. 
Notwithstanding anything hereinbefore in 

this Bye-law contained the Council may 

from time to time by a resolution in that 
behalf passed at any meeting of the Council 
and confirmed at a Special General Meeting 
of Corporate Members of The Institution 
held not less than one month nor more than 
four months afterwards by a majority of the 

Corporate Members present and voting 

increase all or any of the entrance fees set out 

above by such sums (not being more in the 
case of any entrance fee than one half of the 


27. Subject to the right of compounding 
hereinafter referred to, the following annual 
subscriptions shall be payable by the mem- 


bers of The Institution— 
In Great Britain, 





Northern Ireland, } 

the Isle of Man and 
he Channel Islands. Abroad. | 
geack 6s @ 
Members -70060 0 
Associate Members -§ &$ 6 €wR OS 
Companions -70060 0 
Associates ee -- 5 5 0410 0 
Graduates 35 and above 415 0 315 0 

Graduates over 28 and 

under 35 a 48506380 @ 
Graduates 26-28 +n Ste eS 
Graduates under 26 -2716285 06 
Students over 26 cate one Se 
Students 23-26 ~e_ oe 6 =. 
Students under 23 SY tas Ff 





In the case of Graduates and Students, 
the change in the rate of subscription conse- 
quent upon the attainment of the ages | 
specified above, shall take effect from the 
first day of January next following the day 
on which the specified age is attained. 

Provided that the Council shall have 
power at any time if in the opinion of the 
Council the financial position of The Institu- 
tion so allows to prescribe that the respec- 
tive annual subscriptions or any of them 
shall be less than those set out above but not 
less than those respectively prescribed by the 
Special Resolution of the predecessors of The 
Institution confirmed on the 30th May, 1912. 

Provided also that notwithstanding any- 
thing hereinbefore in this Bye-law contained 
the Council may from time to time by a 
resolution in that behalf passed at any 
meeting of the Council and confirmed at a | 
Special General Meeting of Corporate Mem- 
bers of The Institution held not less than | 


The existing concession is sub- 
stantially unchanged, and a further 
remission of £2 Os. Od. is extended to 
those who have spent three additional 
years in the class of Students. 


The added words preserve the 
present safeguard that alterations to 
entrance fees can only be introduced 
with the consent of a Special General 
Meeting of Corporate Members, 
while removing the necessity of 
seeking the allowance by Her 
Majesty’s Privy Council of such 
increases as lie within the range 
specified. 


The continuing increase in the cost 
of the services and amenities which 
The Institution provides to its mem- 
bers and, in particular the recent 
increases in the cost of paper and 
printing and in postage rates, have 
made the present changes imperative. 


The added words preserve the 
present safeguard that increases in 
the specified rates of subscription can 
only be introduced with the consent 
of a Special General Meeting of 
Corporate Members, while removing 
the necessity of seeking the allow- 


JourNAL I.E.E. 
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ENTRANCE FEES, ANNUAL SUBSCRIPTIONS, AND LIFE 


COMPOSITIONS—contd. 


28. Every member of any class who has 
not compounded, and whose place of 
residence is abroad, shall pay the annual sub- 
scription shown in the second column of 
Bye-law 27 for the class to which he belongs, 
in respect of each complete calendar year of 
such residence abroad, provided that his 
address in the address register of The Insti- 
tution is one which is abroad. 


30. Members of any class elected before 
the Ist day of July in any year shall pay the 
annual subscription for that calendar year, 
and those elected on or after the Ist day of 
July in any year shall for that calendar year 
pay half such annual subscription. 


40. The Council may in any [special 
case,] where in their opinion it is desirable to 
do so, reduce or remit [the] entrance fee, 
[the] annual subscription or life composi- 
tion, or [the] arrears of annual subscrip- 
tions[, of any member of any class]. 


CONSTITUTION AND ELECTION 
Ballot for Election to the Council 


51. Not later than the Ist day of July in 
each year or such later date as the Council 
may approve, the Council shall send to 
each Corporate Member and Associate en- 
titled to vote a ballot paper containing the 
names of all persons duly nominated to fill 
the vacancies referred to in Bye-laws 49 
and 50, stating which persons are nominated 
by the Council, giving the names of the 
Members or Associate Members by whom 
every other person (if any) is nominated 
and being in other respects in such form as 
the Council shall prescribe. Provided that 
if the candidates nominated for any class 
of vacancy are not more in number than the 
vacancies of that class the persons so 
nominated shall be deemed to be duly 
elected and there shall be no ballot with 
respect to that class of vacancy. 

In the event of there being a ballot each 
Corporate Member or Associate voting 
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one month nor more than four months after- 
wards by a majority of the Corporate 
Members present and voting increase all or 
any of the annual subscriptions set out above 
by such sums (not being more in the case of 
any annual subscription than one half of the 
amount thereof) as may be specified in the 
Resolution of the Council. 


28. Every member of any class not being 
an Honorary Member who has not com- 
pounded, and whose place of residence is 
abroad, shall pay the annual subscription 
shown in the second column of Bye-law 27 
for the class to which he belongs, in respect 
of each complete calendar year of such 
residence abroad, provided that his address 
in the address register of The Institution is 
one which is abroad. 


30. Members of any class elected before 
the Ist day of July in any year shall pay the 
annual subscription for that calendar year, 
and those elected on or after the Ist day of 
July in any year shall for that calendar year 
pay half such annual subscription. 

Provided that in the case of any Member, 
Associate Member, Companion, Associate, 
Graduate, and Student elected in the last two 
months of any calendar year who shall elect 
to pay his first subscription at the full rate, 
such first subscription shall cover both the 
remainder of the year of his election and the 
next succeeding year. 


40. Where in their opinion it is desirable 
to do so, the Council may in any particular 
case or class of case, including those arising 
under reciprocal arrangements entered into 
with kindred bodies, reduce or remit any 
entrance fee, annual subscription or life 
composition, or arrears of annual sub- 
scriptions. 

OF THE COUNCIL 


Ballot for Election to the Council 


51. Not later than the Ist day of July in 
each year or such later date as the Council 
may approve, the Council shall send to 
each Corporate Member and Associate en- 
titled to vote a ballot paper containing the 
names of all persons duly nominated to fill 
the vacancies referred to in Bye-laws 49 
and 50, stating which persons are nominated 
by the Council, giving the names of the 
Members or Associate Members by whom 
every other person (if any) is nominated 
and being in other respects in such form as 
the Council shall prescribe. Provided that 
if the candidates nominated for any class 
of vacancy are not more in number than the 
vacancies of that class the persons so 
nominated shall be deemed to be duly 
elected and there shall be no ballot with 
respect to that class of vacancy. 

In the event of there being a ballot each 
Corporate Member or Associate voting 





ance by Her Majesty’s Privy Council 
of such increases as lie within the 
range specified. 


A drafting revision. 


When this change is made can- 
didates elected in the last two months 
of any year will have no incentive to 
defer their admission until the 
1st January of the succeeding year. 


The change gives explicit authority 
for reciprocal arrangements with 
sister bodies of the type described, 
As a result of the close collaboration 
established through the EUSEC and 
Commonwealth Engineering Con- 
ference, the number of such arrange- 
ments is likely to grow. 
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CONSTITUTION AND ELECTION OF THE COUNCIL—contd. 


shall delete sufficient names to reduce the 
number of names on the ballot paper to the 
number to be elected to the respective 
offices. The ballot papers shall be signed 
by the Corporate Member or Associate and 
be returned so as to reach the Secretary not 
later than fourteen days after their issue by 
the Council. The Council shall take such 
steps as they consider expedient to ensure 
the secrecy of the ballot. 

At one of the Ordinary Meetings in April 
or May, the members present shall choose 
two or more scrutineers for the purposes of 
the ballot. The ballot papers shall be 
delivered unopened by the Secretary to the 
scrutineers, who shall open them and count 
the votes and report the result to the 
President of The Institution. 

In the event of the scrutineers being 
unable to report the election of the pre- 
scribed number of persons to fill the 
vacancies in the Council owing to an 
equality of votes, they shall submit the 
names of the candidates having the same 
number of votes to the President of The 
Institution, who shall determine by his 
casting vote or votes which such candidate 
or candidates having such an equality of 
votes shall be elected. 

The persons elected shall take office on 
the Ist day of October next following. 


PROCEEDINGS, POWERS, AND D 


57. The Council shall meet as often as 
the business of The Institution may re- 
quire[; and] at every meeting of the Council 
seven shall constitute a quorum. The 
President or any two Vice-Presidents or 
any three members of the Council may, and 
the Secretary shall, on the request of such 
officer or officers or members, convene a 
meeting of the Council. 


67. The Council may at any time cause 
examinations to be held for the purpose of 
testing the qualifications of candidates for 
election or transfer. The Council shall 
define the subjects to be comprised in such 
examinations, and shall fix the fees to be 
paid or deposited by the candidates. 


68. Those Students who have paid to The 
Institution not less than three annual sub- 
scriptions as Students shall be entitled to 
present themselves once for the [Associate 
Membership] Examination on payment of 
half the full examination fee. 








shall delete sufficient names to reduce the 
number of names on the ballot paper to the 
number to be elected to the respective 
offices. The ballot papers shall be signed 
by the Corporate Member or Associate and 
be returned so as to reach the Secretary not 
later than fourteen days after their issue by 
the Council. The Council saall take such 
steps as they consider expedient to ensure 
the secrecy of the ballot. 

At one of the Ordinary Meetings in April 
or May, the members present shall choose 
two or more scrutineers for the purposes of 
the ballot. The ballot papers shall be 
delivered unopened by the Secretary to the 
scrutineers, who shall open them and count 
the votes and report the result to the 
President of The Institution. 

In the event of the scrutineers being 
unable to report the election of the pre- 
scribed number of persons to fill the 
vacancies in the Council owing to an 
equality of votes, they shall submit the 
names of the candidates having the same 
number of votes to the President of The 
Institution, or in his absence from the 
United Kingdom to any one of the Vice- 
Presidents for the time being within the 
United Kingdom to be selected by the 
scrutineers by lot, who shall determine by 
his casting vote or votes which such can- 
didate or candidates having such an equality 
of votes shall be elected. 

The persons elected shall take office on 
the Ist day of October next following. 


UTIES OF THE COUNCIL 


57. The Council shall meet as often as the 
business of The Institution may require 
and may act notwithstanding any vacancy in 
their body. At every meeting of the Council 
seven shall constitute a quorum. The 
President or any two Vice-Presidents or 
any three members of the Council may, and 
the Secretary shall, on the request of such 
officer or officers or members, convene a 
meeting of the Council. 


67. The Council may at any time cause 
examinations to be held for the purpose of 
testing the qualifications of candidates for 
election or transfer and may require any 
candidate for election or transfer to any 
class of membership to attend an interview 
conducted on their behalf in order that he 
may the better satisfy them that he pessesses 
the requisite qualifications. 

The Council shall from time to time 
define the subjects to be comprised in such 
examinations, and shall fix the fees to be 
paid or deposited by candidates for examina- 
tion or interview. 

68. Those Students who have paid to 
The Institution not less than three annual 
subscriptions as Students shall be entitled 
to present themselves once for the Institu- 
tion Examination on payment of half the 
full examination fee. 





A drafting improvement to cover 
the possibility of the absence of the 
President. 


A drafting improvement. 


The added words enable a can- 
didate for any class of membership 
to be required to attend an interview. 
For convenience the same words 
remain in Bye-law 12 (Associate 
Members) as it is in this context that 
they are most frequently invoked. 


A drafting improvement. 


A drafting correction. 





JouRNAL I.E.E. 
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SESSIONS AND MEETINGS 
73. The meetings of The Institution shall 
be as follows— 

(a) Ordinary Meetings for the reading and 
discussion of papers on electrical and 
allied subjects, and for lectures and dis- 
cussions on those subjects; 

(b) The Annual General Meeting; 

(c) Special General Meetings of Corporate 
Members and Associates; 

(d) Special General Meetings of Corporate 
Members [for the purpose of revoking, 
altering or amending any Bye-laws of The 





Institution.] 


The Corporate Members and Associates 
shall alone be competent to vote at the 
meetings specified in paragraphs (a), (b), 
and (c) of this Bye-law, and the Corporate 
Members alone at the meetings specified in 
paragraph (d). Subject to Bye-law 36, 
each person voting shall have one vote. 
For the purposes of this Bye-law all mem- 
bers of the Council shall be deemed to be 
Corporate Members. 

79. A Special General Meeting of Cor- 
porate Members and Associates may be 
called at any time by the Council for any 
specific purpose relating to the direction and 
management of the affairs of The Institution 
except [revoking, altering, or amending any 
Bye-laws of The Institution] and the Council 
shall at all times call such a meeting on a 
requisition, in writing, of ten Corporate 
Members or Associates, specifying the 
general nature of the business to be 
transacted. 

80. A Special General Meeting [of Cor- 
porate Members] for the purpose [of 
revoking, altering, or amending any Bye- 
laws of The Institution] may be called at 
any time by the Council [and] the Council 
shall at all times call [such a meeting] on a 
requisition, in writing, of ten Corporate 
Members specifying the alterations [in or] 


| amendments of the Bye-laws suggested by 


them. 


PROCEEDINGS AT MEETINGS 

90. The President shall preside at all 
meetings of the Council and Ordinary 
and General Meetings of The Institution at 
which he is present; in the absence of the 
President, [one of the Vice-Presidents,] or, 
if none be present, a member of Council 
present shall preside. 


INVESTMENTS 
94. All the monies of The Institution not 
required to meet the current expenditure of 
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73. The meetings of The Institution shall 
be as follows— 
(a) Ordinary Meetings for the reading and dis- 
cussion of papers on electrical and allied 
subjects, and for lectures and discussions 
on those subjects; 
(b) The Annual General Meeting; 
(c) Special General Meetings of Corporate 
Members and Associates; 
(d) Special General Meetings of Corporate 
Members 
(i) for the purpose of confirming any 
resolution duly passed by the Council 
for altering, amending, or adding to the 
Charter 

(ii) for the purpose of revoking, altering, or 
amending any Bye-laws of The Institu- 
tion . 

(iii) for the purpose of confirming any resolu- 
tion duly passed by the Council for 
altering the entrance fees or any of them 


or 

(iv) for the purpose of confirming any resolu- 
tion duly passed by the Council for 
increasing the annual subscriptions or 
any of them. 

The Corporate Members and Associates 
shall alone be competent to vote at the 
meetings specified in paragraphs (a), (b), 
and (c) of this Bye-law, and the Corporate 
Members alone at the meetings specified in 
paragraph (d). Subject to Bye-law 36, 
each person voting shall have one vote. 
For the purposes of this Bye-law all mem- 
bers of the Council shall be deemed to be 
Corporate Members. 

79. A Special General Meeting of Cor- 
porate Members and Associates may be 
called at any time by the Council for any 
specific purpose relating to the direction 
and management of the affairs of The 
Institution except for any of the purposes 
specified in paragraph (d) of Bye-law 73, and 
the Council shall at all times call such a 
meeting on a requisition, in writing, of ten 
Corporate Members or Associates, speci- 
fying the general nature of the business to 
be transacted. 

80. A Special General Meeting for any of 
the purposes specified in paragraph (d) of 
Bye-law 73 may be called at any time by the 
Council. The Council shall at all times 
call a Special General Meeting of Corporate 
Members for the purpose numbered (ii) in 
such paragraph (d) on a requisition in 
writing of ten Corporate Members speci- 
fying the alterations, revocations, and the 
amendments of the Bye-laws suggested 
by them. 


90. The President shall preside at all 
meetings of the Council and Ordinary and 
General Meetings of The Institution at 
which he is present; in the absence of the 
President, a Past President, a Vice-President, 
or, if none be present, a member of Council 
present shall preside. 


94. All the monies of The Institution not 
required to meet the current expenditure of 





Consequential amendment follow- 
ing granting of the Supplemental 
Charter and amendment of Bye-laws 


26 and 27. 


Consequential amendment follow- 
ing granting of the Supplemental 
Charter and amendment of Bye-laws 


26 and 27. 


Consequential amendments fol- 
lowing granting of the Supplemental 
Charter, and amendment of Bye- 


laws 26 and 27. 


When this change is made a Past- 
President will be eligible to preside 
at these meetings, as may well be 


desirable on some occasions. 
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INVESTMENTS—contd. 

The Institution shall be invested in any 
mode in which Trustees are or shall be by 
law, in absence of special direction, 
authorized to invest trust monies under 
their control, or in any public stocks or 
funds or government securities of Great 
Britain or of any British Dominion, or in 
freehold or leasehold securities in Great 
Britain, or in stocks, shares or securities the 
capital whereof or a minimum rate of 
interest or dividend thereon is guaranteed 
by the British Government or by the 
Government of any British Dominion, or 
in stocks, bonds, mortgages or securities of 
any municipal or local body or authority 
situated in Great Britain, or in the stocks, 
shares or securities, being fully paid stocks, 
shares or securities quoted on the Stock 
Exchange, London, of any company incor- 
porated with limited liability in Great 
Britain or in any British Dominion [which 
shall during or in respect of each of the five 
years next before the date of investment 
have paid dividends or interest at the rate of 
not less than five per cent per annum upon 
stocks, shares or securities of the nominal 
value of at least five hundred thousand 
pounds (or the equivalent thereof in other 
currency) ranking for dividend or interest 
behind the invéstment taken.] 


The Institution shall be invested in any 
mode in which Trustees are or shall be by 
law, in absence of special direction, 
authorized to invest trust monies under 
their control, or in any public stocks or 
funds or government securities of Great 
Britain or of any British Dominion, or in 
freehold or leasehold securities in Great 
Britain, or in stocks, shares or securities the 
capital whereof or a minimum rate of 
interest or dividend thereon is guaranteed 
by the British Government or by the 
Government of any British Dominion, or 
in stocks, bonds, mortgages or securities of 
any municipal or local body or authority 
situated in Great Britain, or in the stocks, 
shares or securities, being fully paid stocks, 
shares or securities quoted on the Stock 
Exchange, London, of any company incor- 
porated with limited liability in Great 
Britain or in any British Dominion having an 
issued capital of not less than one million 
pounds sterling or the equivalent thereof if 
in other currency, which shall either— 

(a) during or in respect of each of the five years 
next before the date of investment have 
paid dividends or interest at a rate of not 
less than 5 per cent per annum upon stocks, 
shares, or securities of the nominal value of 
at least £500,000 (or the equivalent thereof 
in other currency) ranking for dividend 
or interest behind the investment taken, or 
during or in respect of the ten years next 
before the date of investment have paid 
dividends upon its ordinary capital at an 
average rate of not less than 4 per cent 
per annum, 

or in the purchase of freehold or leasehold 
land in the United Kingdom, the latter 





(b) 


of purchase. 

PROVIDED ALWAYS that no invest- 
ment shall be made in the securities of any 
such company as aforesaid if the value of the 
investments to which this Bye-law relates in 
investments authorized by the general law for 
the investment of trust funds shall then be or 
would thereby become less than two-thirds 
of the value for the time being of all the 
investments of The Institution to which this 
Bye-law relates. 

AND PROVIDED FURTHER that for 
the purposes of this Bye-law the value of any 
investment or investments may be taken to 
be the amount shown by any valuation made 
at the request of The Institution by a member 
of the London Stock Exchange within the 
preceding six calendar months as to which a 
letter purporting to be signed by any such 
member shall be conclusive evidence. 

AND PROVIDED FURTHER that The 
Institution may accept and retain in their 
existing state of investment for such period 
as the Council may think fit any securities, 
obligations, stocks, or shares of whatsoever 
nature or denomination not otherwise 
authorized under this Bye-law which have 
been or may be transferred to The Institution 
as part of any benefaction however such 





benefaction be created. 





having 60 years or more unexpired at the time | 





The alterations will, it is thought, 
permit the finances of The Institu- 
tion to be administered to greater 
advantage. 
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THE SPECIAL GENERAL MEETING OF THE 22nd MARCH 1956 


ir George Nelson, President, took the chair at 5.30 p.m., 
Sind gave an introductory talk on the proposed changes in 
the Bye-laws. He said that a number of them were amend- 
ments consequential to the granting of a new Supplemental 
Charter, and that the Council had taken the opportunity to 
bring before members some other changes they thought 
desirable, including increases in the entrance fees and the 
annual subscriptions. The accounts for the year 1955 showed 
a deficit of £4366, which was met from the General Reserve 
Fund of £20000. The budget presented to the Council in 
November 1955 showed a deficit of £5512, which was again 
met from the General Reserve Fund. The Chancellor’s 
emergency budget had raised the cost of posting the Journal 
and Proceedings by approximately £7500 per annum. Paper 
costs had also risen by about £1 000. Printing costs were still 
unsettled, but it appeared from the information available 
that they would be increased by at least £5000. The total 
deficit for 1956 was therefore about £19000, even allowing 
for certain emergency restrictions in The Institution’s publica- 
tion policy. The present balance of the General Reserve Fund 
of £15600 was insufficient to meet the deficit by £3400, 
which had to be met from the Capital Account. Sir George 
presented the conclusion that either The Institution’s income 
would have to be increased or there would have to be a 
marked reduction of present activities. The Council felt that 
the latter course was not in the best interests of The Institution 
or the nation. Sir George then formally moved that the 
Bye-laws of The Institution be altered in the manner set out 
in the notice convening the meeting. The resolution was 
seconded by Sir Gordon Radley, and the President proceeded 
to take the Schedule item by item, to give members the 
opportunity of raising points. 

There was no discussion on the first eight items, but the 
reception of the items concerning the annual subscriptions 
and entrance fees was more lively. 

Mr. H. W. Puttick said that he had expected to find mem- 
bers full of seething indignation, but the atmosphere was 
calm. He felt that the Council were somewhat divorced from 
the position of quite a large body of Corporate Members, 
who, unlike many of the members of Council, earned far less 
and could not claim their subscriptions against income tax. 
In reply the President said that income tax was a personal 
matter. Members who obtained a tax allowance for subscrip- 
tions should continue to do so, while those who did not should 
look into the matter to see if they could get the same advan- 
tage. Mr. Puttick then suggested that the Journal should be 
produced at two-month intervals, but Sir George said that 
there would still be the same quantity of matter to be published, 
and Sir Gordon Radley supported this view. 

Mr. J. Clayton said that the increase had come at a very 
unfortunate time, when the public was being asked to stop 
inflation. Speaking as a Government engineer, he endorsed 
Mr. Puttick’s remarks that there was no hope of obtaining an 
income-tax rebate on subscriptions. He said that there had 
been no increase between 1912 and 1951 in spite of the depreci- 
ation of the pound, and wanted to know how the Council 
had managed to keep the services going on the same sub- 
scriptions for all those years, and now they could not do it. 
He also thought the Journal could be a bi- or even tri-monthly 
publication, with a consequent saving on postage. 

Sir George said that he was sorry that the Council’s economy 
in the past should be thought a reason for not trying to 
balance the budget now. The Secretary then demonstrated 


OcToBer 1956 


on a graph the rate of increase of membership subscriptions 
since 1913 compared with the reciprocal of the value of the 
pound; the former rose by a factor of 1-67 whereas the latter 
rose by a factor of 4-04. He added that the Royal Com- 
mission on Taxation had made a recommendation which may 
affect the position regarding income-tax rebates, subject, as 
the President pointed out, to personal application. 

Mr. Landon Goodman raised a point of principle. He felt 
that the Council might have taken members a little more into 
their confidence by giving them the statistics of the matter 
beforehand. He believed that the matter should have been 
dealt with after the publication of the accounts. Members 
had the choice of atteriding meetings either to rubber-stamp 
the Council’s proposals, or as an intelligent body of people to 
discuss them. He also said that the subscriptions used to in- 
clude the Proceedings but that they now did not. What was the 
balance with the extra figure taken into account ?The President 
assured the meeting that on no occasion do the Council treat 
members as rubber stamps. The Secretary explained thereasons 
for holding the meeting before the 1955 accounts were ready. 
The abnormal inflation during the latter part of 1955 and 
early 1956 had made it necessary to rectify the position in 
time to affect the subscriptions for 1957. The latest date on 
which that could be done, bearing in mind the time which had 
to be allowed for consideration by the Privy Council and for 
the preparation of accounts and subscription notices, was 
prior to Easter 1956. The position, however, had already 
been disclosed in the 1954 accounts. 

A question by Mr. Saville Anderson on the Reserve Fund 
was answered by Lord Falmouth, who said that the increased 
subscriptions would bring in about £28000, which would 
enable The Institution to stabilize its position. He felt that it 
would be greatly to the detriment of The Institution to cut 
down on the activities which help to make it such a prominent 
body in the scientific and engineering world. 

Mr. A. B. Harris suggested that economies could be made 
and that the Council had rejected them too summarily. Sir 
Gordon Radley outlined the many economies which the 
Council had considered and pointed out that they would 
impair The Institution’s principal function—namely to act 
as a learned society and so assist in the discussion of technical 
and scientific information. 

Mr. P. G. Ruffhead praised the Journal as being one of the 
finest things The Institution had done for a long time and 
thought that to economize on it would be a retrograde step. 
He also suggested that, since members living outside the 
London area did not have the constant amenities of the 
library and the meetings, a differential subscription should 
be applied. 

The Chairman of the Papers Committee, Mr. S. E. Goodall, 
then dealt very fully with the economies which had been 
studied on the vexed question of publication costs. 

After a few more comments the President passed on to the 
next items on the Schedule, which were agreed without dis- 
cussion, except for the item on investments, which received 
the hearty support of Mr. Landon Goodman. Mr. Goodman 
went on to suggest the election of a financial adviser. The 
President said that The Institution does take every step to 
get the best possible advice on investment from some of the 
greatest financial experts in the country. 

The resolution was then put to the meeting and carried. 
Sir George thanked members for their attention and assured 
them that their views would be taken very seriously. 
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The History of Electrical Engineering 


6. THE ORIGIN AND DEVELOPMENT 
OF THE ELECTRIC TELEGRAPH: PART 2 


A continuation of the account of the early days of the 
telegraph, much of which is devoted to the fascinating 
story of the partnership of Sir William Cooke and Sir 
Charles Wheatstone, with their contrasting personalities 
and ambitions. The first part of the article appeared on 
p. 130 of the March issue of the Journal. 


C. MACKECHNIE JARVIS, MEMBER 








of the electric telegraph, for it was in that year that 

the independent experiments of Cooke and 
Wheatstone on the one hand, and Edward Davy on the 
other, became sufficiently advanced to allow public 
demonstration in London. 


Te year 1837 was a momentous one in the history 


Cooke’s Initial Work on Telegraphy 

It should be appreciated that Sir William Fothergill 
Cooke (1806-79) at no time claimed to have invented 
the electric telegraph. He frankly acknowledged his 
indebtedness to a primitive instrument made by Baron 
Schilling, which he saw demonstrated in Heidelberg in 
1835. The experiments of Schilling and others were well 
known in scientific circles, and Sir Charles Wheatstone, 
F.R.S. (1802-75), at that time Professor of Experimental 
Philosophy at King’s College, London, subsequently 
claimed that he had lectured to his students upon the 
electric telegraph. Nevertheless, the fact remains that 
neither Wheatstone nor any other person in this country 
at that time, apart from Edward Davy, to whom 
reference will be made, had the practical vision necessary 
to develop the principles which had been established to 
a state of commercial value, although there had been 
some attempts in earlier years. 

Cooke returned to England from Germany in April 
1836 fully convinced that he coula produce a satisfactory 
telegraph, and what is even more important, he felt 
confident of a ready market that did not involve fighting 
the traditional apathy of a Government Department, 
which, as has been shown, ! killed the efforts of Wedgwood 
and Ronalds. 

At the time of his return Cooke was already in posses- 
sion of workable three-needle telegraph instruments 
functioning on six wires. He had plannea a mechanical 
telegraph of the aial type and arranged to have a pair 
of such instruments made for him in London. In advance 


of the completior of these, Cooke, through the agency 
of friends, approached the Directors of the Liverpool 
and Manchester Railway Co., and towards the end of 
1836 he obtained a provisional order for a pair of instru- 
ments to control the traffic through a long tunnel at 
Liverpool. 

Cooke’s ideas were disclosed in a pamphlet entitled 
‘Plans for establishing on the most extensive scale, and 
at trifling expense, a rapid Telegraphic communication 
for political, commercial, and private purposes, especially 
in connection with the extended lines of railroads now in 
progress, between the principal cities of the Kingdom, 
through the means of electro-magnetism, by W. F. C.’ 
He prepared this during the summer of 1836, and sub- 
mitted a copy to the Directors of the railway company 
in January 1837. The Liverpool project was not however 
carried through, on account of the supposed complication 
of the system, and a pneumatic arrangement was adopted 
instead. 





Sir William Cooke’s alarm, about 1837 


By courtesy of the Director of the Science Museum 
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Cooke had encountered difficulties with the operation 
of the electromagnetic trip of his clockwork alarm as a 
result of the length of line involved, and he communicated 
with Faraday, who on the 24th November 1836 saw the 
experimental apparatus working at Cooke’s rooms in 
London. Cooke’s approach to the telegraph was avowedly 
commercial. He wished to make his fortune and said so. 
Faraday’s attitude to commercial enterprise is well 
known, and it is probable that his apparent disinterest 
arose from distaste of anything savouring of commercial 
gain in contrast to the higher ideals of pure science and 
the welfare of mankind. In a letter to his mother dated 
the 24th November and subsequently published,2 Cooke 
wrote that Dr. Faraday ‘would not give him an opinion 
as to the distance the fluid (e.g. voltaic electricity) might 
be passed in sufficient quantity but observed that if it 
were only for 12 or 20 miles it can be passed on again’. 
Surely Faraday’s remark, faithfully recorded by Cooke 
but obviously not understood by him, must have referred 
to what we now know as relay action? 

Cooke next turned to Dr. Peter Mark Roget (1779- 
1869), a gentleman of Huguenot descent, later to become 
well known for his Thesaurus, which first appeared in 
1852. He was prominent in London scientific circles as 
a physician and a lecturer on medical science and as one 
of the founders of London University in 1828. Roget, 
himself an author of a treatise on electricity published in 
1832, was interested in Cooke’s difficulties, but, finding 
himself unable to answer the questions raised by Cooke, 
he not unnaturally suggested that Professor C. Wheat- 
stone should be consulted. The Professor, whose appoint- 
ment to the Chair of Experimental Philosophy at King’s 
College, London, dated from 1834, had recently come 
into prominence in connection with a noteworthy 
experiment to determine the velocity of electricity 
through a metallic circuit. He had been following up 
earlier work on spark discharges and devised a rotating 
mirror ‘stroboscope’, which he used in conjunction with 
multiple spark-gaps. The results obtained were embodied 
in Wheatstone’s paper} published in 1834; his figure for 
the velocity of electricity was 288000 miles/sec. 


Wheatstone and Cooke 


By February 1837 Cooke’s plans had matured to such 
an extent as to justify an application for a patent, which 
in those days was an expensive and somewhat laborious 
matter to negotiate. 

With a view to checking the operation of his instru- 
ments over a mile of wire Cooke spent four days in 
erecting a line of bare wire round the walls of the 
chambers of a friend in Lincolns Inn, and he comments 


that, in order to avoid the loops touching, ‘the patience - 


required and the fatigue undergone in making the 
arrangement were far from trivial’. All had to be cleared 
away next day! The results were inconclusive, and he 
resolved to call on Wheatstone with the sole object of 
ascertaining whether there was any means of com- 
pensating for the resistance effect of the line. Cooke, of 
necessity, disclosed to Wheatstone his ideas and instru- 
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ments and was told that the Professor had long been 
working on similar experiments and had in use a line 
four miles in length erected around the walls of his 
laboratory, which he invited Cooke to inspect. Cooke 
records his intense disappointment at finding that the 
professor’s ‘instruments’ were more primitive than those 
of Schilling which he had seen in Germany, and that the 
Professor had obviously given little or no thought to the 
requirements of a practical telegraph. 

Cooke on the other hand possessed a set of working 
telegraphs, a line fault detector, an alarm to call the 
operator, and a scheme for reciprocal communication 
over the same wires; he had also devised a code to enable 
messages to be sent. 

The suggestions which Wheatstone made for dealing 
with the difficulties encountered on the alarm release 
magnet, at that time, proved useless, and Cooke found 
himself in a dilemma. Realizing that Wheatstone was in 
a better position than himself to resolve the difficulty 
immediately apparent and to meet others which might 
arise subsequently, he suggested a partnership on equal 
terms, which the Professor declined on the grounds that 


. .. he did not consider the invention likely to be profitable; and in 
consequence of that opinion, he expressed himself to be unwilling 
to incur any risk or expense. He also mentioned that some thought 
it not quite consistent with the habits of a scientific man to be 
concerned in a patent, but added that he had already broken through 
that rule. I then offered him one sixth of the clear profits, without 
risk or expense, if he would become my scientific partner on those 
terms. He at once declined the latter offer, observing that he would 
lose credit by associating his name with mine otherwise than on 
equal terms. On my then telling him that I should proceed alone 
with my patent, he informed me that if I did so, he would im- 
mediately publish all that he had done; an intimation which gave 
rise to some rather warm discussions between us. I was only 
anxious that he should agree to one of two alternatives: either that 
he should join me on fair terms or that he should defer his proposed 
publication till after the sealing of my patent; but he objected to 
both these alternatives.* 


The partnership was eventually formed, and the deed, 
sealed in May 1837, recognized that Cooke’s name as 
‘projector’ of the enterprise should precede that of 
Wheatstone, that Cooke would be responsible for the 
business negotiations and management and that Cooke 
should, on account of previous work, be credited with an 
agreed sum. At about the same time Cooke and Wheat- 
stone were considering the possibility of running a cable 
under the Thames. This early ‘submarine’ speculation is 
touched upon in a letter? written by Cooke: 


23rd May 1837 

The Enderbys are a wealthy family who have made most of their 
money in the South Sea trade. They have a large sail-cloth and rope 
manufactory at Greenwich, and a great many other undertakings 
on hand. I am going down to Greenwich tomorrow morning to see 
their works and arrange a method of covering our wires with yarn 
and including them in a rope, for our cross-Thames experiment. 
I sent off the wire yesterday. This rope, 1 500 ft in length, including 
6000 ft of wire, is to be ready by the close of the week. 

The partners filed the application for their first 
English patent, which was sealed on the 12th June 1837, 
and the final specification was enrolled in the following 
December. 











Rivals 

Meanwhile, they had become aware of rivals in the 
field. As a result of a similar application in Scotland in 
August 1837 (under the old patent law), it was brought 
to their notice that William Alexander of Edinburgh was 
in possession of a like invention which he proposed for 
use between London and Edinburgh. Cooke’s letters? 
record that he had an interview with Alexander at the 
office of the Lord Advocate. Alexander is said to have 
acknowledged the superiority of the proposals of Cooke 
and Wheatstone and to have agreed to withdraw his 
objection. There is evidence’ that Alexander and his 
friends attempted to maintain interest in his own pro- 
posals and that he counted upon a measure of local 
support. 

A more serious rival, however, was Edward Davy 
(1806-85), who in 1839 emigrated to Australia, where 
he later became a surgeon. Apart from the specification 
accompanying Davy’s patent, No. 7719 of the 4th July 
1838, we are largely dependent upon articles written by 
the late J. J. Fahie for knowledge of Davy’s progress and 
plans. Davy told Fahie that he first became interested in 
the idea of a telegraph in 1836 and during that year 
obtained permission to lay down an experimental line in 
private grounds in Regent’s Park. 

It is clear from Fahie’s account that Davy had made 
considerable progress in the design and construction of 
instruments and imagined that he was alone. In the spring 
of 1837, Davy became aware of the activities of Cooke 
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and Wheatstone, and fearing anticipation in respect of a 
patent, prepared to enter a caveat. It is understood that 
in June 1837 he lodged with the Solicitor-General a 
description of his apparatus, which comprised needle 
telegraph instruments, an alarm, operating keys and an 
electrical renewer, or line relay. Around this latter item 
centred the greatest novelty of his system, because 
although his rivals had proposed a relay for operating 
the alarm, they had not as yet appreciated its significance 
for line use. Davy also constructed an excellent recording 
telegraph that operated on the chemical principle, elec- 
trified needles coming into contact with rolls of chemically 


Cooke and Wheatstone’s five-needle telegraph, 1837 
Crown Copyright. From an exhibit in the Science Museum, South Kensington 





prepared paper turned by clockwork. Davy’s specifica- 
tion makes reference to ‘relays of metallic circuits’, which 
is probably the earliest use of the term re/ay. The granting 
of the patent was opposed by Cooke and Wheatstone on 
the grounds of infringement of parts of their first patent, 
but according to Fahie, the matter was referred to 
Faraday, who gave it as his opinion that the inventions 
were distinct, and so the patent was granted. Davy’s 
instruments were publicly demonstrated in London in 
1838 for many months, during which time he was in 
negotiation with the railway companies, but unfor- 
tunately he found it necessary for personal reasons to 
emigrate, leaving the arrangements in the hands of 
friends. It is not surprising that, in the circumstances, 
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the prospective purchasers lost interest and so closed 
another episode in telegraphic history. Davy had obtained 
the promise of powerful financial support and narrowly 
missed floating, with a capital of £500000, the first public 
company conceived for the exclusive purpose of exploiting 
the electric telegraph. Davy’s patent was acquired by the 
Electric Telegraph Co. in 1846 for £600; his apparatus 
survived for many years in an outhouse of the family 
home, but was destroyed a very short time before Fahie’s 
investigation about 1883. 


Railway Telegraphs 

Cooke’s negotiations were more successful and, during 
the summer of 1837, he was granted facilities by the 
Directors of the London and Birmingham Railway Co. 
to demonstrate his system at Euston, with a view to its 
being employed between London and Birmingham. 

Some of Cooke’s letters? home at this time read as 
follows: 


2nd July 1837 ‘ 

I got through all the forms, had three interviews with Mr. 
Stevenson [Robert Stephenson, 1803-59], the famed engineer, and 
got an order for 8cwt of copper by Friday last; obtained leave to 
occupy a vast building on the railroad, 165 feet by 100 wide, and 
had as many men and all the materials I could require placed at 
my disposal. The order was ‘Let Mr. Cooke have everything he 
may require’. 

By strenuous exertions I succeeded in collecting the above vast 
quantity of wire, cleared the huge workshop of men and lumber, 
by the constant labour of from 30 to 40 men, and had nearly 
4a mile of wire arranged by Friday night; proceeding slowly on 
Saturday morning, having to teach all the men employed—viz. 
8 carpenters, 2 wire-workers and 8 boys—their distinct duties, we 
got forward more rapidly towards evening, and at 5 o’clock, when 
the men left off work, I had about 4 miles of wire well arranged, 
and hope to get all nearly done by tomorrow night... . 


4th July 1837 

About 20 of the Directors were soon assembled. Mr. Wheatstone 
could not be present; so I commenced my explanations, and got 
through them with all the ease and coolness imaginable. . . . I com- 
menced by putting my Heidelberg instruments in motion, which 
excited great interest. I then rang a bell etc., etc., and finally dis- 
played the gradual decrease in galvanic energy in lengthening 
circuits by transmitting the current first through 2 miles, and so 
on to the 13th ... Mr. Stevenson was present and played with the 
instruments more than anyone else. 


The initial demonstrations, which were witnessed by 
many people, having proved successful, the company 
gave an order for the erection of an experimental line 
between Euston and Camden Town. This was in opera- 
tion during September 1837, and was shown to Benjamin 
Hawes, M.P., an early enthusiast, and ‘some members of 
the Government’. The instruments used were probably 
of the four-needle type and prototypes of the celebrated 
five-needle instrument, known because of its heraldic 
shape as the ‘hatchment telegraph’. 

We are told that the Directors could not agree on 
policy and for the time being this company did not 
proceed further with telegraphs. 

Cooke was more fortunate in his dealing with the 
Great Western Railway, with whom he came to terms 
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after considerable discussion. The story is best told in 
his own words in passages taken from his letters to his 
parents: 


10th March 1838 

I have been in daily expectation since my last, of entering into 
final engagements with the Great Western Company, and all went 
on favourably till Tuesday, when the subcommittee appointed on 
purpose made such unreasonable alterations in the heads of agree- 
ment, which we had previously been over two or three times, that 
I determined to withdraw altogether, and wrote accordingly to 
that effect. I suspect they did not anticipate such independence on 





Cooke and Wheatstone’s two-needle telegraph, 1838 
Crown Copyright. From an exhibit in the Science Museum, South Kensington 





my part, or they would not have driven me to it. We parted, I hope, 
perfectly good friends . . . At my next visit I will bring with me all 
the papers concerned with this transaction, and I think you will all 
agree that I acted only with becoming spirit . . . The suspense in 
which I have been kept by the Great Western Company rendered it 
impossible for me to write. Do not mention this second discom- 
fiture as, if known widely, it may prove very prejudicial, even 
though I was the party to withdraw, which, of course, no one will 
believe. 


13th March 1838 

This must be a short, though I am sure it will prove a welcome, 
line, as the bearer of better news than I had hoped to give. The 
Great Western Company have renewed correspondence under the 
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THE WONDER of the AGE !! 


INSTANTANEOUS COMMUNICATION 
ang sen edn oe H.RB.H. Prince Albert. 
GALVANIC AND ELECTROMAGNETIC 


TE LEGRAPHS, 


GT. WESTERN RAILWAY. 


May be seen in constant op n, daily, (Sundays excepted) from 9 til! 8, at the 
TELEGRAPH OFFICE, LONDON TERMINUS, PADDINGTON 
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from to wonders ef science.” —' 

meters raph wale i the bre nd exe ft ome 
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wil ba ached by pe he te instantaneously 
ces cnman, ta incredibly short mace oi at their request, ring a bell 
or fire a cannon, chect spece of time, after the signal for his 
doing so has been gi 


The Electric Fluid travels at the 


rate of 280,000 Miles per Second. 
—— I agency d have been apprehended, (as in the late case 
of Tawell, |, )—~—Thieves dcoods ———— which is of no little importance, the 
timely amstance of Medical id has been procured in cases which otherwise would 
ve proved fatal. 
The great national importance of this wonderful invention is so well known 
that any further allusion here to its merits would be 
N.B. Sey mney a Coenen Messengers 
in constant PTO ee cominisaionsrecrived by Telegraph wl 


be forwarded, if London, Windsor, Eton, &c. 
ADMISSION ONE SHILLING. 
Nurton, Printer, 48, Church St. Portman Market. : 





























Leaflets that publicized the electric telegraph installed on the Great Western Railway, about 1843 


From an exhibit in the Science Museum, South Kensington 





most flattering circumstances to myself, and the most propitious 
to the invention. . . . The returning of their amended proposals 
without a remark astonished them all. The manner in which I did 
it, however, has so far from displeased that they have received 
me again most cordially. I had a long interview (from 10 p.m. till 
past midnight) . . . with Brunel [Isambard Kingdom Brunel, 
1806-59, Engineer to the G.W.R.] . . . he let me have a peep behind 
the scenes, and it appears that the Company had never before been 
treated so coolly, and were absolutely pleased with the novelty of 
the occurrence . . . I think I have secured my being treated as a 
gentleman by everyone connected with the Company. . . 


3rd April 1838 

I have this day concluded my agreement with the Great Western 
Railway Co. The terms are quite prospective—no cash before 
Ist January 1839—but what is most important, they try the 
Telegraph immediately. 


Cooke was authorized to proceed with a trial section 
between Paddington and West Drayton, a distance of 
thirteen miles. The instruments used were of the improved 
five-needle ‘hatchment’ type shown in the accompanying 
illustration on p. 586. In this instrument the astatic-needle 
assemblies were mounted in line across the face of a 


vertical dial, and the deflection of any two needles 
indicated a letter shown on the dial at the point of inter- 
section of their axes. The transmitting keyboard was 
mounted beneath, and Cooke’s battery, the alarm and 
control relay were in separate cases. The refinements of 
the apparatus were due to Wheatstone and the idea 
of using a lettered dial was his also. In other respects, 
such as the use of multiple-needle instruments and the 
alarm, the plan was due to Cooke. All the apparatus used 
on this project was covered by the first British telegraph 
patent, No. 7390 of the 12th June 1837, to which previous 
reference has been made. 

The G.W.R. installation employed five hemp-covered 
copper wires, and these were laid up in the form of a 
multi-core cable, made by Enderby Brothers of Green- 
wich and styled a ‘telegraphic rope’. The cable was run 
in an iron pipe with screwed joints and buried in the 
ground beside the track. Cooke was very conscious of 
the practical difficulties of maintaining the line in 
working order, and this is clearly evidenced by the system 
of air pressurizing used to exclude water from the tube, 
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test facilities at the sections and ‘mile posts’, and his 
patented fault detector. The line to West Drayton was 
put into service during the year 1839, and the following 
year was extended five miles further to Slough, by which 
time it was realized that the cost of erection at £165 per 
mile would prevent further development. It was seen 
that future developments would necessarily be restricted 
to single-needle or twin-needle instruments with conse- 
quent reduction in the number of wires needed, and that 
a further saving could be secured by using an earth return. 

Cooke in 1842 patented a method of ‘aerial suspen- 
sion’. In this wires of iron or copper, or compound wires 
consisting of several twisted together or a bundle of iron 
wires around a central core of copper, could be stretched 
between posts of wood at suitable heights above the 
track. This method of erection had been suggested by 
Morse® in the United States in 1837, and it is not 
impossible that Cooke had heard of it from that source. 
Finding paint or tar ‘an expensive and ineffectual mode 
of protecting the iron wire from rust’, Cooke determined 
to try the then new process of galvanizing. By means 
of these methods, Cooke estimated that he could save 
two-thirds of the cost of the lines. 


Public Use of Telegraphs 

The limited extent of the early telegraph system and 
the emphasis on its use for railway purposes combined 
to retard public appreciation, but gradually it became 
known that the line between Paddington and Slough 
was proving generally useful for official purposes. The 
contemporary periodical The Railway Times records a 
number of incidents such as the discomfiture and arrest 
in 1844 of a notorious railway pickpocket, Fiddler Dick, 
and some of his cronies as a result of information passed 
over the telegraph. In January 1845 the new line achieved 
unexpected publicity through the arrest of John Tawell, 
who was later convicted of murder. Tawell’s crime was 
discovered before he had had time to make good his 
escape and as he was believed to be making for London 
his description, which on account of the limitations of 
the telegraphic alphabet, was rendered as ‘dressed like 
a Kwaker’, was sent from Slough to Paddington in time 
to enable him to be traced. This incident brought home 
to the authorities and public alike the potential value of 
the telegraph, although several years elapsed before 
large-scale developments were realized. 


A Matter of Reputation 


The partnership of Cooke and Wheatstone, viewed 
objectively, was undoubtedly of great benefit to both 
men. Professor Wheatstone had enjoyed meritorious 
publicity from his work on acoustics, which was begun 
when he was a musical-instrument manufacturer in 
London, and his appointment to a chair in the newly 
formed university was the direct result. He was unques- 
tionably possessed of a brilliant mind, and in his 
researches touched upon many branches of physical 
science. Apart from science he had acquired a knowledge 
of cryptography, and this is evidenced by his remarkable 
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Professor J. F. Daniell 


From a portrait in the Council Room of King’s College, London, which is 
reproduced here by kind permission of the Delegacy and the Council of the 


College 





success in decoding a dispatch in French from a numerical 
cypher forming part of the State papers of King Charles I. 
Most unfortunately, his reputation was marred by a trait 
which amounted to intellectual dishonesty in dealing 
with the discoveries of other men. The lengths to which 
Wheatstone was apparently prepared to go in order to 
to advance his claims to fame were so fantastic that for 
a long period serious allegations’? were discounted by 
his friends as being actuated by dubious motives in 
lesser men. Wheatstone seems to have been at his best 
in improving upon other men’s inventions and he 
probably genuinely believed in his own originality in 
so doing. 

A serious difference of opinion with his partner, 
Cooke, arose because Wheatstone consistently spoke of 
the telegraph in the first person singular, and within a 
year of their association the telegraph was known far 
and wide as ‘Wheatstone’s’. Cooke complained that he 
was variously regarded as Wheatstone’s mechanic, his 
business associate and his financial supporter. He remon- 
strated and received both denials and apologies, but the 
Professor continued as before, and the climax was 
reached in July 1839 when a long article appeared in 
Chambers’s Edinburgh Journal, giving great prominence 
to Wheatstone, and the Fourth Report of the Select 
Committee on Railways containing Wheatstone’s evidence 
was published. It transpired that Mr. Chambers had 
visited King’s College on Wheatstone’s invitation and 
that the article was the outcome. 

Cooke, who upon the advice of his solicitors had, in 
November 1837, settled a business dispute with his 
partner by arbitration before Mr. Hawes, was now 
determined upon a lasting settlement. Further arbitration 
proceedings were instituted in November 1840 and the 
case was placed before Sir M. Isambard Brunel (father 
of I. K. Brunel), who was nominated by Cooke, and 
Professor J. F. Daniell of King’s College, London, who 
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was nominated by Wheatstone. The partners asked the 
arbitrators, in short, to ascertain the relative positions of 
the parties in regard to the invention of the electric 
telegraph and its practical introduction into the United 
Kingdom. In the following April an award was made in 
these terms: 


In May 1837, Messrs. Cooke and Wheatstone took out a joint 
English patent, on a footing of equality, for their existing inven- 
tions. The terms of their partnership, which were more exactly 
defined and confirmed in November 1837, by a partnership deed, 
which vested in Mr. Cooke, as the originator of the undertaking, 
the exclusive management of the invention, in Great Britain, 
Ireland, and the Colonies, with the exclusive engineering depart- 
ment, as between themselves, and all the benefits arising from the 
laying down of the lines, and the manufacture of the instruments. 
As partners standing on a perfect equality, Messrs. Cooke and 
Wheatstone were to divide equally all proceeds arising from the 
granting of licences, or from sale of the patent rights; a percentage 
being first payable to Mr. Cooke, as Manager. Professor Wheatstone 
retained an equal voice with Mr. Cooke in selecting and modifying 
the forms of the telegraphic instruments, and both parties pledged 
themselves to impart to each other, for their equal and mutual 
benefit, all improvements, of whatever kind, which they might 
become possessed of, connected with the giving of signals, or the 
sounding of alarums, by means of electricity. Since the formation 
of the partnership, the undertaking has rapidly progressed, under 
the constant and equally successful exertions of the parties in their 
distinct departments, until it has attained the character of a simple 
and practical system, wo1ked out scientifically on the sure basis of 
actual experience. 

Whilst Mr. Cooke is entitled to stand alone, as the gentleman to 
whom this country is indebted for having practically introduced 
and carried out the Electric Telegraph as a useful undertaking, 
promising to be a work of national importance; and Professor 
Wheatstone is acknowledged as the scientific man, whose profound 
and successful researches have already prepared the public to 
receive it as a project capable of practical application; it is to the 
united labours of two gentlemen so well qualified for mutual 
assistance, that we must attribute the rapid progress which this 
important invention has made during the five years since they have 
been associated. 


The award so far as Cooke was concerned removed 
his sense of injustice and he was prepared to forget the 
past events. Both men subscribed their signatures to the 
following acknowledgment to the arbitrators: 


We cordially acknowledge the correctness of the facts stated in 
the above document, and beg to express our grateful sense of the 
very friendly and gratifying manner in which you have recorded 
your opinion of our joint labours, and of the value of our invention. 


Difficulties with Wheatstone and Bain 


The year 1843 opened in an atmosphere of depression. 
Cooke records that the patents remained almost unpro- 
ductive and that the partners had incurred considerable 
outlay. ‘I was .. .’, he writes, ‘still hopeful because a 
pamphlet I had published® at the beginning of 1842 had 
attracted considerable attention in connection with single 
line tracks’. This is a reference to something which later 
became known as the ‘block system’ of traffic control. 
‘I had then just introduced under my patent of Sep- 
tember 1842, the cheap system of suspending the wires in 
the air, since followed by telegraphs all over the world. 
I acceded to Wheatstone’s wish that I should relieve him 
from past and future liabilities.” On his own terms 
Wheatstone transferred his interests for £30000. 
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In September 1845, the first of many telegraph com- 
panies was registered under the style of the Electric 
Telegraph Company, Ltd., and to it Cooke transferred 
his entire interest in the patents and became a director. 
It was suggested that Wheatstone’s services should be 
retained by the new company as scientific adviser, but 
other circumstances arose which prevented this. It 
appears that when, in 1846, the new Company sought 
to obtain Parliamentary powers, Alexander Bain‘ 
entered formal opposition and gave evidence before a 
Committee of the House of Lords. Bain claimed that he 
had invented an electric clock and an electric printing 
telegraph and had communicated his inventions con- 
fidentially to Professor Wheatstone, who had claimed 
them as his own. It is stated* that Mr. Bain’s evidence 
made such an impression on the Lords’ Committee that 
the Duke of Beaufort, as Chairman, intimated to the 
company’s counsel that the Committee were of the 
opinion that the Company ought to come to terms with 
Mr. Bain, hinting that if they declined to do so, the Bill 
might well be thrown out. 

According to Cooke, Bain was recompensed and later 
joined the company ‘to the extreme displeasure of Mr. 
Wheatstone’. Cooke continues: 


About the same time, the directors unluckily made an agreement 
with a Mr. Henry Mapple, in ignorance that this person had a 
similar controversy with Mr. Wheatstone respecting an improved 
alarum and a telegraphic rope. As a member of the Board, I know 
that it was the sincere desire of the directors to retain the benefit 
of Mr. Wheatstone’s scientific assistance, or at any rate to avoid 
doing anything which could be personally disagreeable to him; but 
in consequence of the untoward circumstances above referred to, 
he . . . retired altogether from the company’s service.!! 
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Alexander Bain (1810-77), who was a native of 
Scotland, settled in London as a clockmaker in 1837. 
In January 1841, in conjunction with John Barwise, he 
was granted the first patent for an electric master clock, 
‘capable of operating sixty (slave) clocks’. The specifica- 
tion is remarkable for the comment that the invention 
enables ‘uniform time to be shown throughout the 
country’. To Bain is due a proposal to use the electricity 
derived from electrodes placed in the ground to operate 
his clocks. The first reference to this occurs in the patent 
of 1841 and, in more detailed form, in the third patent 
granted to him on the 27th May 1843. 

The date of the alleged ‘appropriation’ was about 
June 1840. It became known that Wheatstone had 
exhibited Bain’s model to the Royal Society as that of 
his own invention,'° and being unable to get satisfaction 
Bain caused placards to be displayed in St. Martin’s Lane, 
where his shop was, and elsewhere, announcing the fact. 
Wheatstone’s reply was to the effect that Bain was a 
mechanic employed by him and this has been accepted 
by certain writers. If all the explanations of this nature 
connected with Wheatstone are given credence one is left 
with the impression that the Professor’s associates and 
correspondents were usually men of dubious character. 

For some years, the Electric Telegraph Co. operated 
with little or no competition and by 1855 owned 4500 
miles of line in Great Britain. The company’s principal 
London station was at Lothbury, and in London alone 
there were in addition seventeen branch stations. The 
most important of the rival companies was the English 
and Irish Magnetic Telegraph Co., registered in 1850, 
which by 1855 owned and operated 2200 miles of line. 
The capital of the two concerns was considerable, even 
by modern standards, being £800000 for the former and 
some £300000 for the latter. The subsequent history of 
these companies will be referred to in a later article. 


The Telegraph in America 

Quite early in their partnership Cooke and Wheatstone 
had .discussions with business interests in foreign 
countries. It had been agreed that Wheatstone should 
deal, among other countries, with France, Belgium and 
the United States. The instruments were shown to visitors 
from America in October 1837, and shortly afterwards 
a new partnership was formed between the two English- 
men and three American business men. Their first U.S. 
patent was granted in 1840 but meanwhile the initiative 
had passed into other hands. The telegraph experiments 
in Europe had obviously aroused much interest and 
speculation in the United States, where telegraphs, 
whether of the mechanical semaphore or luminous 
type, were unknown on an organized scale, and on the 
10th March 1837 the Secretary of the U.S. Treasury 
Department issued the following: 


Circular to certain Collectors of the Customs, Commanders of 
Revenue Cutters, and Other Persons. 


With the view of obtaining information in regard to ‘the pro- 
priety of establishing a system of telegraphs for the United States’, 
in compliance with the request contained in the annexed resolution 
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of the House of Representatives, adopted at its last session, I will 
thank you to furnish the Department with your opinion upon the 
subject. If leisure permits, you would oblige me by pointing out the 
manner, and the various particulars, in which the system may be 
rendered most useful to the Government of the United States and 
the public generally. It would be desirable, if in your power, to 
present a detailed statement as to the proper points for the location, 
and distance of the stations from each other, with general rules for 
the regulation of the system, together with your sentiments as to the 
propriety of connecting it with any existing department of the 
Government, and some definite idea of the rapidity with which 
intelligence could ordinarily, and also in urgent cases, be com- 
municated between distant places. I wish you to estimate the 
probable expense of establishing and supporting telegraphs, upon 
the most approved system, for any given distance, during any 
specified period. 

It would add to the interest of the subject if you would offer 
views as to the practicability of uniting with a system of telegraphs 
for communication in clear weather and in the day time, another 
for communication in fogs, by cannon, or otherwise; and in the 
night, by the same mode, or by rockets, fires, etc. 

I should be gratified by receiving your reply by the first of 
October next. 


Morse becomes interested 


It is not surprising that a letter so courteously phrased 
in a spirit of genuine inquiry evoked considerable 
response. From outside Government circles came a letter 
from Samuel Finley Breeze Morse (1791-1872), a former 
student of Yale University, subsequently a professional 
artist and since 1835 a professor of the Literature of the 
Arts of Design at New York City University. Morse 
wrote as follows: 


27th September 1837 


In reply to the inquiries which you have done me the honor to 
make, in asking my opinion ‘of the propriety of establishing a 
system of telegraphs for the United States’, I would say, in regard 
to the general question, that I believe there can scarcely be two 
opinions, in such a community as ours, in regard to the advantage 
which would result, both to the Government and the public 
generally, from the establishment of a system of communication by 
which the inost speedy intercourse may be had between the most 
distant parts of the country... . 

With regard to telegraphs constructed on the ordinary nrinciples, 
however perfected within the limits in which they are necessarily 
confined, the most perfect of them are liable to one insurmountable 
objection—they are useless the greater part of the time. In foggy 
weather, and ordinarily during the night, no intelligence can be 
transmitted. Even when they can transmit, much time is consumed 
in communicating but little, and that little not always precise. 

Having invented an entirely new mode of telegraphic com- 
munication, which, so far as experiments have yet been made with 
it, promises results of almost marvellous character, I beg leave to 
present to the Department a brief account of its chief characteristics. 

About five years ago, on my voyage home from Europe, the 
electrical experiment of Franklin, upon a wire some four miles in 
length was casually recalled to my mind in a conversation with 
one of the passengers, in which experiment it was ascertained that 
the electricity travelled through the whole circuit in a time not 
appreciable, but apparently instantaneous. It immediately occurred 
to me, that if the presence of electricity could be made visible in any 
desired part of this circuit, it would not be difficult to construct a 
system of signs by which intelligence could be instantaneously 
transmitted. The thought, thus conceived, took strong hold of my 
mind in the leisure which the voyage afforded, and I planned a 
system of signs and an apparatus to carry it into effect. I cast a 
species of type, which I had devised for this purpose, the first week 
after my arrival home; and although the rest of the machinery 
was planned, yet, from the pressure of unavoidable duties, I was 
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compelled to postpone my experiments, and was not able to test 
the whole plan until within a few weeks. The result has realized my 
most sanguine expectations. 

As I have contracted with Mr. Alfred Vail [son of Judge Vail; 
he later became Assistant Superintendent of the Electro Magnetic 
Telegraph, a Government post in the United States] to have a 
complete apparatus made to demonstrate at Washington by the 
lst January 1838, the practicability and superiority of my mode of 
telegraphic communication by means of electro-magnetism, (an 
apparatus which I hope to have the pleasure of exhibiting to you,) 
I will confine myself in this communication to a statement of its 
peculiar advantages. .. . 

The principal expense will be the first cost of the wire or metallic 
conductors (consisting of four lengths), and the securing them 
against injury. The cost of a single copper wire 1-16 of an inch 
diameter (and it should not be of less dimensions) for 400 miles, 
was recently estimated in Scotland to be about £1000 sterling, 
including the solderings of the wire together; that is, about 6 per 
mile for one wire, or 24 per mile for the four wires. . . . A series 
of experiments to ascertain the practicability of this mode I am 
about to commence with Professor Gale, of our university, a 
gentlemen of great science, and to whose assistance, in many of my 
late experiments, I am greatly indebted. We are preparing a circuit 
of twenty miles. The result of our experiments I will have the 
honor of reporting to you. 

The other machinery. consisting of the apparatus for transmitting 
and receiving the intelligence, can be made at a very trifling cost. 
The only parts of the apparatus that waste or consume materials, 
are the batteries, which consume acid and zinc, and the register, 
which consumes paper for recording, and pencils or ink for marking. 


In reply to further questions from the U.S. Treasury, 
Morse replied on the 28th November 1837 as follows: 


In my letter to you in answer to the circular respecting telegraphs, 
which you did me the honor to send me, I promised to advise you 
of the result of some experiments about to be tried with my electro- 
magnetic telegraph. I informed you that I had succeeded in marking 
permanently and intelligibly at the distance of half a mile. 

Professor Gale, of our university, and Mr. Alfred Vail, of the 
Speedwell iron-works, near Morristown, New Jersey, are now 
associated with me in the scientific and mechanical parts of the 
invention. We have procured several miles of wire, and I am happy 
to announce to you that our success has, thus far, been complete. 
At a distance of five miles, with a common Cruikshank’s battery of 
87 plates, (4 by 34 inches each plate,) the marking was as perfect 
on the register as in the first instance of half a mile. We have 
recently added five miles more, making in all ten miles, with the 
same result; and we have now no doubt of its effecting a similar 
result at any distance. 


The following letter from Morse to the Editors of the 
Journal of Commerce, which was published in September 
1837, raises the question of priority of invention, but 
there appears to be no doubt that until the inquiry from 
the U.S. Treasury Morse had done little towards sub- 
jecting his apparatus to a full-scale trial. 


4th September 1837 

You had the kindness to assert, a few days ago, my claim to the 
invention of the electro-magnetic telegraph, for which I thank you. 
As to the priority of my invention, entirely planned and for the 
most part executed as it was nearly five years ago, I can adduce the 
amplest proof. 

You announced that I was preparing a short circuit, to show to 
my friends the operation of the telegraph. This circuit I have com- 
pleted, of the length of 1700 feet, or about one-third of a mile; 
and on Saturday, the 2nd instant, in presence of Professors Gale 
and Torrey of this city, and Professor Daubeny of the Oxford 
(English) University, and several other gentlemen, I tried a pre- 
liminary experiment with the register. It recorded the intelligence 
sufficiently perfect to establish the practicability of the plan, and 
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the superior simplicity of my mode of communication, over any 
of those proposed by the professors in Europe. 

It will be observed that no account has reached us that any of the 
foreign proposed electric telegraphs have as yet succeeded in 
transmitting intelligible communications; but it is merely asserted 
of the most advanced experiment, (the one in London,) that ‘by 
means of five wires’, etc., intelligence ‘may be conveyed’. I have 
the gratification of sending you a specimen of the writing of my 
telegraph, the actual transmission of a communication made this 
morning, in a more complete manner than on Saturday, and 
through the distance of one-third of a mile. 

Thinking it may be gratifying to your readers to see the kind of 
writing which it performs, I have had it engraved for you, accom- 
panied with an explanation. 
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THE MIDLANDS IN JUNE 


Factories and Festivity at the 1956 Summer Meeting 


over which many people enthuse, whether they are 
natives or visitors. Its buildings are largely a legacy of a 
period in England’s history when great industrial and com- 
mercial expansion failed to awake a response from architects 
that was worthy of it, and when the Englishman’s ability to 
build pleasant towns both to live and to work in was submerged 
in a sea of Jaisser faire and misapplied ornament. To mention 
Birmingham to-day is, perhaps, to start a conversation about 
one-way streets, the metal industries, provincial art galleries 
and orchestras, Burne-Jones, milk chocolate, Coventry, the 
ebb of the car industry, and the advantages of dwelling in the 
Warwickshire countryside, without usually evoking much 
affection for the city itself. But the 450 members and ladies 
who took part in this year’s Summer Meeting of The Institution 
from the 25th to 29th June found Birmingham to be an 
admirable centre and a hospitable and well-conducted city. 
We had, as it happens, no time to explore it until the last day, 
so full was our programme. Although we did not enjoy con- 
sistently ‘Wimbledon weather’, in a summer as dismal as 
that of 1956 we were perhaps lucky that our first three days 
in Birmingham were in tune with May rather than July. 
Attractively diverse and geographically widespread were 
the activities planned for the Midland voyage on which we 
embarked. They ranged from touring a large engineering works 
at Rugby to drinking tea at Ludlow Castle, from seeing a 
Shakespeare play at Stratford to visiting the Post Office 
training school at Stone. Carefully and capably devised by the 
South Midland Centre Committee, the arrangements worked 
in practice very smoothly, if one disregards the delays that 
almost inevitably occur in the early afternoons of a Summer 


Besar cannot truthfully be described as a city 


Among the 132kV circuit- 
breakers at Hams Hall, on 
the outskirts of Birmingham. 
A party at The Institution’s 
Summer Meeting this year 
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Meeting, owing to the traditional excellence of the electrical 
industry’s hospitality. Many were responsible for the staff 
work that made our days in and around Birmingham so 
successful and enjoyable, but our congratulations and thanks 
should go especially to the organizing committee under the 
chairmanship of Mr. H. S. Davidson, Chairman of the 
South Midland Centre, and to Mr. E. H. Cox, the Honorary 
Secretary of the South Midland Centre. It is not irrelevant to 
note that much of the excellent catering we enjoyed through 
the generosity of many different hosts was in the hands of 
the Birmingham civic catering service, a healthy offspring of 
the municipal outlook of the city. 

Many of the members and ladies participating in the 
Meeting lived in the Midlands and drove into Birmingham 
in the early mornings to join the coaches that were the 
transport on the various visits and tours. Some 250 of us 
came from other parts of Great Britain and travelled to 
Birmingham on Monday, June 25th—almost all to stay in a 
few hotels in the centre of the city. 


Monday 


Monday was a delectable June day, and our introduction 
to Birmingham in the afternoon was as warm as our reception 
at the hands of the Lord and Lady Mayoress, Alderman E. W. 
Apps and Mrs. John Collins, in the evening. They graciously 
entertained us in the Council House, which adjoins the rightly 
famous Museum and Art Gallery, with indoor access to it. 
A buffet was arranged in a room of the gallery, and when the 
excitement of the samba or the Gay Gordons temporarily 
palled, we could seek other enjoyment and refreshment via 
Epstein bronzes, oil paintings by Gainsborough and Reynolds, 

















Rejoining the coaches at the English Electric works in Stafford 





water-colours by David Cox, and showcases of exquisite 
pottery, porcelain and silver. This sampling of Birmingham’s 
art treasures was indeed an admirable overture to examining 
some of her engineering riches later in the week. The evening’s 
entertainment was first-class, but, with long days ahead of us 
on the Tuesday and Wednesday, were we perhaps grateful 
that it ended at midnight? 


Tuesday 


Five alternative trips formed the programme for the 
morning of the Tuesday, and before 9 a.m. a fleet of coaches 
was ready to convey us from Birmingham’s Civic Centre to 
the Stafford works of the English Electric Co.; the Nelson 
Research Laboratories of the same company near Stafford; 
Wedgwood’s potteries at Barlaston; the Lotus Shoe Co.’s 
factory at Stone; or the Post Office training school, also at 
Stone. Especially popular was the trip to Wedgwood’s, which 
was heavily oversubscribed, but all the visits were instructive 
and enjoyable, and for ladies not visiting Wedgwood’s who 
were a bit shy of technicalities on the first day, there was 
plenty of interest at Lotus’s, as well as the opportunity of 
picking up a shoe bargain. 

The largest party toured the extensive Stafford works, where 
an impressive quantity of all kinds of heavy electrical plant— 
machines, rectifiers, switchgear, transformers, etc.—was 
under construction. At Stafford also the five parties assembled 
for lunch, which was kindly provided by the English Electric 
Co. At this lunch Sir George Nelson spoke in two capacities, 
both as President of ‘this great Institution’ and as Chairman 
of ‘the great company I am privileged to lead’. He found 
himself in fact in the Gilbertian role of both welcoming and 
thanking himself but played it most happily. Each lady became 
the delighted owner of a Wedgwood ash-tray presented to-her 
by her hosts. 

Well-refreshed, we rejoined the coaches, to set out for 
Ludlow. Once clear of Stafford, the route avoided industrial 
areas and embraced some excellent Shropshire country with 
views of the Wrekin and the Clee Hills. A halt for tea in the 
bailey of Ludlow Castle as guests of the Midlands Electricity 
Board allowed us a little time to examine the ruins of the 
castle’s keep with its elegant round Norman chapel; those 
who climbed the tower of the castle were rewarded with a 
fine view over the Teme Valley. Soon, however, we were back 
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in the coaches bound for Malvern. As before tea, we travelled 
through some charming countryside, which could have 
figured in Outrage* only as an example of what England is 
fast losing, and in which the Herefordshire hop-fields must 
have gladdened the hearts of Kentish men among us. At 
Malvern the English Electric Co. were again our hosts, enter- 
taining us to dinner in the hall of the Winter Gardens, which 
adjoin the famous Malvern Festival Theatre. A balcony 
overlooking the well-kept gardens allowed us to gather before 
dinner to enjoy a drink and a fine evening. After dinner, 
Colonel H. S. Davidson, the Chairman of the South Midland 
Centre, expressed our gratitude to the English Electric Co, 
for the whole day’s programme, in particular thanking the 
staff at the company’s works and laboratories for the way 
they had put themselves out to show parties round. The 
evening formed a cheerful ending to the first full day of the 
Meeting, and it was a well-contented throng that made the 
night journey back to Birmingham; not even the most 
enthusiastic of cricketers can have been much troubled by the 
afternoon’s news that England had lost the Second Test Match. 


Wednesday 


Next day’s plans again took us out of Birmingham for the 
whole day. With a choice of six morning visits and five after- 
noon tours, thirty different programmes for the day were 


—— L.: ‘Outrage’ (The Architectural Press, 1955). A copy is in the Institution 
ibrary. 





On the terrace at the Winter Gardens, Malvern 
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open to us. Luckily for the coach drivers everyone was to 
unite in the early afternoon. In the evening too we all for- 
gathered for a treat provided by the B.T.H. Co.—a Shake- 
speare performance at Stratford. In fact it was, to a large 
extent, ‘B.T.H.’s day’: three of the morning visits were to 
various parts of the company’s Rugby works, and, with the 
exception of one party, everyone at the Meeting was enter- 
tained to lunch by the company at a country hotel. 

Besides the visits to the B.T.H. works, parties went to the 
new Post Office transmitting station at Rugby, the G.E.C. 
telephone works at Coventry, and a fabric display arranged 
by Courtauld’s at Coventry. Many ladies were on the third 
visit and enjoyed seeing a striking range of nylon materials; 
moreover the same party had an opportunity of looking at 
the shell of the medieval Coventry cathedral and the founda- 
tions of Basil Spence’s new building. All three of these visits 
were well supported. At Coventry the G.E.C. kindly invited 
the party visiting its works to lunch. 

With three different tours in their Rugby works, the 
B.T.H. Co. catered admirably for varying interests. One of 
the tours was specially devoted to education, training and 
welfare. Noticeable indeed throughout the meeting, at nearly 
all the factories we visited and in many of the speeches we 
listened to, was the continued and increasing importance 
attached by the electrical manufacturing industry (following 
the lead of the large firms) to the training of apprentices, 
whether graduate, student, technician, or craft. Another tour 
covered part of the lamp manufacturing works, and for at 
least one visitor to these it was refreshing not to be shown too 
much in too short a time—a common weakness of organized 
factory tours. 

Nearly all of us gathered for lunch at Chesford Grange 
Hotel, which lies near Kenilworth in delightful country. At 
the luncheon table, which was decorated with floral sprays 
for the ladies, Mr. E. H. Ball, the Managing-Director of the 
host company, recalled the visit of members of an Institution 
Summer Meeting to Rugby thirty-one years ago. Since then 
the numbers employed in his company’s works at Rugby 
alone had doubled, and in addition the company now owned 
many other new factories. This in fact was typical of the 
electrical industry, which was still growing fast. In referring 
to Sir George Nelson, Mr. Ball emphasized the good relations 
they enjoyed with other companies such as the English 
Electric Co.; the feeling they all had of belonging to a great 
profession was at the root of these. Sir George reciprocated 
Mr. Ball’s remarks and declared how proud professional 
electrical engineers felt at belonging to Great Britain’s 
second largest export industry. 

On Wednesday afternoon five tours allowed us to visit the 
most famous buildings in and around Warwick and Stratford- 
on-Avon: the Castle, St. Mary’s Church and the Leycester 
Hospital at Warwick; Shakespeare’s birthplace and Anne 
Hathaway’s cottage at Stratford; Kenilworth Castle; Stone- 
leigh Abbey; and Charlecote Manor. We could, of course, 
see only one or two buildings in a single afternoon, but those 
of us who did not know this heart of England with its wonderful 
countryside and great historical associations, cannot fail to 
have been stimulated to come again and see more. Are not 
Stratford and its surroundings symbolic of the worth of 
England’s achievement and her way of living? 

In the late afternoon of a lovely summer’s day we for- 
gathered, after our sightseeing tours, on the grammar school 
field at Stratford. This field has a delightful position across 
the Avon from the theatre. It had been kindly lent to us by 
the Mayor and Town Council of Stratford, and in a marquee 
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erected there the East Midlands Division of the Central 
Electricity Authority and the East Midlands Electricity Board 
gave us some welcome refreshment in the form of a ‘light 
dinner’. The Mayor of Stratford, Mrs. E. F. Waldron, was 
present at this feast and welcomed us to Stratford. Soon it 
was time to cross the river and take our seats in the Memorial 
Theatre for an excellent performance of The Merchant of 
Venice. A wonderful summer night met us as we left the 
theatre to waik back to the marquee for a buffet supper before 
making the journey to Birmingham. Indeed, in such a night 
at Stratford, when the moon was somewhat higher, Shake- 
speare might well have found his inspiration for the poetry 
of Lorenzo and Jessica. A beautiful ending to perhaps the 
best day of the Meeting. 


Thursday 


On the Tuesday and Wednesday the lion’s share of the 
entertainment had been furnished by the English Electric 





Mr. E. H. Cox looks on, as the ladies in a party at Wedgwood’s 
potteries discuss the decoration of teacups 





and British Thomson-Houston Companies, and very well 
they had provided for us. On the Thursday the General 
Electric Company, the other large electrical group operating 
in the South Midlands, were our main hosts; needless to say, 
the instruction and entertainment given us were of the same 
high order as on the previous days. We much appreciated as 
well the generous hospitality of smaller firms and organiza- 
tions that entertained parties. In the morning, besides two 
visits arranged by the G.E.C., parties went to the Electrical 
Engineering and Physics Departments at Birmingham Univer- 
sity and to the Museum of Science and Industry. Birmingham 
is one of the very few cities in Britain that possess a scientific 
museum. Founded only a few years ago, the museum already 
has a good collection of engineering exhibits. The visitors to 
it went first to the Engineering Hall, where they saw the 
foundations being prepared to receive a 100h.p. Corliss 
engine and the general display consisting of various types of 
steam engines, internal combustion engines, together with a 
lighthouse optic of 1873. Particular interest was shown in a 
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Tangye horizontal gas engine, which was running under its 
own power. Afterwards, the party split up into two sections 
to visit the Arms Gallery, containing many examples of 
small arms of all nationalities; the Long Gallery, which 
includes telecommunication; and the Transport Section, 
covering bicycles, motor-cycles and motor-cars, from the 
earliest types to those in current production. 

One party consisting mainly of ladies went in the morning 
to the G.E.C. showrooms in the centre of Birmingham to see 
a demonstration of lighting and present-day electrical equip- 
ment. The discussion about ‘pre-cooking’ by deep-freeze 
equipment was eagerly continued by ladies in the party long 
after the demonstration was over. 

The largest morning party went to the G.E.C. heavy 
electrical engineering works at Witton. Some 230 members 
and ladies made up this party, and the itineraries of the small 
groups into which they were divided had been carefully 
worked out to avoid congestion. Indeed, so well did the 
guides follow their schedules that many parties had the 
feeling of being almost the only visitors in the works. 

Lunch for all of us at the Meeting followed—in a splendid 
crimson-and-white striped marquee alongside the Witton 
works. Each lady found herself the lucky recipient of a gift. 
Mr. Leslie Gamage, Managing Director of the G.E.C., 
presided, and, in proposing the toast of the Guests, he 
bantered Sir George Nelson—with great friendliness—about 
the rival merits of the two industrial concerns they represented, 
and in particular about the impending competition for a 
contract to construct one of the new C.E.A. nuclear power 
stations—only to have his leg pulled in a spirited reply from 
Sir George, who thanked the company for its magnificent 
hospitality. Not forgetting the Hon. Mrs. Gamage in his 
remarks, Sir George recalled that she is the daughter of Lord 
Hirst, the founder of the Witton works in 1901. 

For the afternoon there was a choice of six visits, all in or 
near Birmingham: the B.B.C. sound and television studios; 
Frederick Restall Ltd.; Joseph Lucas Ltd.; George Ellison 
Ltd.; British Electrical Repairs; and the Austin Motor Co. 
All these organizations kindly provided the parties visiting 
them with tea. 

Thursday evening on the Summer Meeting is usually the 








The Hon. Mrs. Leslie Gamage receives the President before 
lunch at the G.E.C. works in Witton 


occasion on which members of The Institution at the Meeting 
make some attempt at returning the hospitality they and 
their ladies have received locally. This year was no exception, 
and, on behalf of the members, the President and Lady Nelson, 
supported by Mr. and Mrs. H. S. Davidson, gave a Dinner- 
Dance in Birmingham, at which the Lord Mayor and Lady 
Mayoress and senior officers of many local firms and other 
organizations were present. Some 350 of us at the Meeting 
sat down to dinner, and an excellent dance followed. 
Proposing the toast of ‘The City of Birmingham’, the 
President referred to ‘this holiday resort’, and asked what 
better place existed for seeing the practical side of industry. 
He said that the Lord Mayor had given them a splendid start 
to an excellent week in Birmingham. Not the least of their 
pleasures was the country around the city. Sir George included 
a special word of praise for the work of Mr. Cox of the South 
Midland Centre. The Lord Mayor, in a friendly reply, said 
that it was most fitting that The Institution should come to 


A group at Hams Hall, which 
includes Sir George and 
Lady Nelson, the Chairman 
and Secretary of the South 
Midland Centre, and the 
Secretary of The Institution 
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Birmingham for its Summer Meeting, although he indicated 
that the President had been a little eulogistic about Bir- 
mingham’s attractions. During his speech, Alderman Apps 
mentioned that his Council were very interested in obtaining 
television sets for disabled and old people in Birmingham. 
He appealed to anyone who had an old set that was no 
longer used to get in touch with him, and some readers of the 
Journal may care to do so. The third speaker at the Dinner 
was Mr. Davidson, who proposed the toast of ‘Our Guests’. 
He thanked the representatives of the many organizations 
who had entertained us and made some very pleasant remarks 
about the ladies at the Meeting. Mr. W. L. Lewis, Chairman 
of the Midlands Electricity Board, replied with both enthusiasm 
and humour. 


Friday 

Friday was almost slack by comparison with the rather 
hectic three days we had previously enjoyed. With only one 
visit in either the morning or the afternoon on the programme, 
the men had a chance to telephone 
their offices and the ladies to explore 
the well-stocked shops of Birming- 
ham. The morning visits were to 
Hams Hall power station, Bendix 
Home Appliances Ltd. and Lichfield 
Cathedral. Those who went to one 
of these had lunch at Hams Hall as 
guests of the Midlands Division of 
the Central Electricity Authority and 
the Midlands Electricity Board. In 
the afternoon the choice lay between 
visiting the works of the Electric 
Construction Co. at Wolverhampton, 
of Steatite and Porcelain at Stourport, 
of the English Electric Co.—this time 
its Rugby works—and three non- 
electrical works, those of Cadbury 
Brothers at Bournville, Carpet Trades 
Ltd., at Kidderminster, and of Stuart 
and Sons Ltd., manufacturers of 
crystal glass. These six firms kindly 
entertained the parties to tea after 
showing them over the factories, and 
three of the firms invited their guests 
to lunch as well. One party spent a 
particularly good afternoon at 
Wolverhampton, where the Electric 
Construction Co. arranged a most 
instructive and detailed tour; the 
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tunately, for the weather was now beginning to assume its 
pattern for July, the party was not to be in the open air, as 
we might well have assumed from the name of its where- 
abouts. The Botanical Gardens in Birmingham in fact possess 
excellent permanent buildings, including a large ball-room. 
But we were able to sally into the grounds to admire the trees 
in the darkling light or into the greenhouses to look at 
begonias, as a change from the organized entertainment of 
dancing and of songs from a girls’ choir. Mr. J. J. Gracie, a 
Director of the G.E.C., and Mrs. Gracie received us, and an 
enjoyable and high-spirited evening followed. We climbed 
into our coaches at midnight for the last time, fully appre- 
ciating that the final port of call on our five-day voyage had 
provided a delightful farewell party. 


Retrospect 

A great industrial city such as Birmingham may not seem 
on first thoughts the most inviting place for several hundred 
professional men and their ladies to assemble in summertime. 





A large party outside Coombe Abbey, the G.E.C.’s residence for apprentices at the 
company’s Coventry works 








ladies whose technical appetites 
had been fully satisfied on the 
first three days of the Meeting were given the chance of 
exploring Cannock Chase instead. The Electric Construction 
Co., now 63 years old and with its works on their original site, 
continues to exemplify the important role played by the 
medium-sized independent firm in the heavy electrical manu- 
facturing industry. The strong local ties and family traditions 
of the firm are pleasantly evident. One of its features, as with 
so many electrical engineering firms, is the training schemes 
for apprentices of all kinds; fifteen different crafts are covered. 

The late afternoon of Friday saw us converging once again 
on Birmingham to take part in the Summer Meeting’s final 
jollification, at which the G.E.C. were once more our kind 
hosts. They invited us all to an informal party in Birmingham’s 
Botanical Gardens, which lie near the centre of the city. For- 
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But, although The Institution’s Summer Meeting has no 
formal technical sessions, it tries, as one of its aims, to show 
British industry at work, especially to members who are not 
themselves employed in industry, and for this aim Birmingham 
has few rivals. It is hoped that the account of our stay in 
Birmingham will have indicated as well some of the non- 
industrial attractions in the city and its surroundings. 
Certainly, as we look back on the 1956 Summer Meeting, we 
feel that it successfully showed us something of the best in 
the life of our country to-day. 
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Wiring Regulations—Recent Interpretations 


(Issued on the 3rd September 1956) 


The 13th Edition of the Regulations for the Electrical 
Equipment of Buildings was issued on the Ist September 1955, 
and the abstracts of interpretations of regulations in the 
12th Edition are no longer directly applicable; these appeared 
in the Journal, September 1952, page 219, and September 1954, 
page 231, and were also issued to the technical Press at home 
and oversea. 

The following abstracts of interpretations, the first con- 
cerning the 13th Edition to be published, are of general 
interest and involve clear-cut issues. As is customary the 
names of inquirers are not included. In some instances the 
inquiries and replies have been edited to make the inter- 
pretations of more general application. In view of the interest 
widely expressed, arrangements have been made to release 
further abstracts of this kind at regular, probably quarterly, 
intervals. 

It should be borne in mind that The Institution cannot 
undertake to comment on particular installations or types of 
equipment and material. Such a duty falls within the province 
of a professional consulting electrical engineer or a testing 
establishment. Nor does The Institution attempt to adjudicate 
on differences of opinion which may arise between supply 
undertakings and consumers; the statutory provisions for 
dealing with such matters in Great Britain are contained in 
the Electricity Supply Regulations, 1937,* (H.M. Stationery 
Office), and in Northern Ireland in the Regulations of the 
Ministry of Commerce. 


Inquiry 1 Regulations 108 and 203 


Is it permissible to connect in parallel cables whose aggre- 
gate current rating is not less than that required for com- 
pliance with Regulations 108 and 203? 


Reply 

This practice is admissible provided all joints are soundly 
made as the Regulations require, but it is desirable that the 
number of lead and return cables connected in parallel should 
not exceed two. The appropriate current rating of cables 
connected in parallel is that applicable to bunched cables 
(see Tables 12-17 and Notes). Attention is also drawn to the 
requirement of Regulation 219(B) that ‘Cables of a.c. systems 
installed in steel conduit shall always be so bunched that the 
cables of all phases and the neutral (if any) are drawn into the 
same conduit’. 


Inquiry 2 Regulation 108 


The application of Regulation 108 to circuit-breakers is not 
altogether clear, particularly as many circuit-breakers are 
fitted with two forms of release, providing instantaneous 
operation on short-circuit, which is supplemented by close 
control of overload values. 


Reply 

With the exemptions given in Regulations 108 and 316(B), 
a circuit-breaker designed for instantaneous operation must 
be set to operate at a current not exceeding twice the rating 


ad By virtue of Section 60 of the Electricity Act, 1947, and Section 1 of the Elec- 
tricity Re-organization (Scotland) Act, 1954, these Regulations made by the 
Electricity Commission now have effect as if made by the Minister of Fuel and 
Power and the Secretary of State for Scotland acting jointly under these Acts. 


of the cable protected. With similar exemptions, a circuit- 
breaker operating only with time delay (or having an inverse- 
time characteristic) must be so arranged that the normal 
continuous current, for currents appreciably above which the 
circuit-breaker operates within a stated time, does not exceed 
the rating of the cable. A circuit-breaker having both instan- 
taneous and time-delay settings must be so arranged that at 
least one of the settings complies with the foregoing. 


Inquiry 3 Regulation 112(B) 

Regulation 113 permits a final sub-circuit to supply a 
number of points, each of which may be controlled by a 
single-phase switch. Following Note 1 to Regulation 112(B) 
is a separate neutral conductor required for each such point? 


Reply 

If several single-phase final sub-circuits are run from a 
3-phase 4-wire source, each single-phase final sub-circuit 
must be separate from the others and the neutral conductor 
of each sub-circuit should be connected to the neutral of 
another final sub-circuit only at the distribution board. 
Attention is drawn to the section ‘Borrowed Neutrals’ on 
page 34 of ‘Electrical Accidents, 1953’ (Form 929) (H.M. 
Stationery Office). 

If in accordance with Regulation 113 a single-phase final 
sub-circuit serves several points, the whole of the final sub- 
circuit may be regarded, for the purpose of Regulation 112(B) 
and Note 1, as a single part of the installation. It is thus 
admissible, provided the supply is earthed on one pole by the 
supply undertaking, to use a common neutral conductor 
looped from point to point within this sub-circuit. 


Inquiry 4 Regulation 114(B)\(ii) 

Are there minimum requirements for the type and current 
rating of junction-boxes which serve for the connection of 
spurs to ring circuits? 


Reply 

A junction-box for spurs should comply with the rele- 
vant requirements of B.S. 816 ‘Requirements for electrical 
appliances and accessories’, and the current rating of terminals 
should be not less than that of the cable forming the ring 
circuit, namely 20 amp. 


Inquiry 5 Regulation 114(B) and Table C 

Table C, condition (a), calls for a maximum fuse rating of 
20amp. Since a fuse rated at 20amp is rarely obtainable in 
commonly used consumers’ control units, a 15amp fuse is 
used. In this event, is it permissible to use a cable rated at 
15amp, namely a 3/-036 inch cable? 


Reply 

No departure from the conductor cross-sectional areas 
specified is permitted if the installation is to be in accordance 
with the requirements of Regulation 114 and Table C. 
Reduction in the rating of the fuse element protecting a circuit 
(e.g. use of a 15 amp fuse with 7/-029 inch cable) is not m 
itself an infringement of the Regulations, but it is desirable 
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that, in the circumstances described, the fuse should be 
suitable for a 20 amp fuse-link, and the smallest rating that 
can be used will be determined by the need to avoid excessive 
temperature rise during service (see Regulation 1). 


Inquiry 6 Regulation 114(B) and Table C 


Is it permissible to supply fixed appliances by means of 
any of the five types of circuit enumerated in Table C, without 
the use of 13 amp socket-outlets ? 


Reply 

Yes, fixed appliances each of rating not exceeding 13 amp 
may be connected to any of the types of circuit set out in 
Table C, in the manner prescribed in Regulation 114(B)(i), 
provided that for ring circuits (d) and (e) the limitations stated 
in the second paragraph of Regulation 114(B)(ii) are complied 
with. The estimated load should not exceed the rating of the 
sub-circuit [see Regulations 1 and 114(B)(i)]. 


Inquiry 7 Regulation 115 and Table 1 


Information is requested regarding the rating of final sub- 
circuits intended to supply cookers, particularly where the 
demand is likely to exceed 30amp. As Table 1 does not apply 
to final sub-circuits, no allowance appears to be made for 
diversity with larger cookers, whether hand- or time-controlled. 


Reply 

Regulation 115 provides that a final sub-circuit rated at 
30amp may supply an electric cooker connected by means 
of a cooker control unit rated at 30amp which may also 
include one socket-outlet. B.S. 438 ‘Cooker Control Units’ 
and B.S. 1833 ‘Cooker Controt Units (intended primarily for 
use in domestic premises)’, which are cited in Regulation 601, 
specify a rating of 30amp for cooker control units and a note 
is included in each Standard stating that the rating has been 
selected after taking into account the diversity factor of the 
associated cooker. Thus Regulation 115 permits the use of a 
30-amp sub-circuit to supply a cooker having a greater 
aggregate loading than 30amp where the use of control units 
complying with these Standards is suitable. When electric 
cookers are installed in such circumstances, or are of such a 
rating, that the planner of the installation considers that the 
cooker may be operated at a load exceeding 30amp for 
appreciable periods, the cooker should be connected by means 
of a suitably rated circuit [see Table B, item (g), of Regula- 
tion 113], and the requirements of Regulation 314 concerning 
provision of adjacent means of control should be observed. 


Inquiry 8 Regulation 204(B) 

(a) Where Table C (page 24) is in use, is the maximum 
current for the purpose of calculation of voltage drop to be 
taken as the aggregate rating of the fixed appliances and 
socket-outlets, the current rating of the fuse protecting the 
circuit, or the fusing current of the fuse? 

(6) For circuits (other than final sub-circuits) where 
diversity is applicable, should the maximum current for the 
purpose of calculation of voltage drop be taken as not less 
than that given in Table 1, the current rating of the fuse 
protecting the circuit, or the fusing current of the fuse? 


Reply 


@ Where voltage drop calculations are required for 
circuits installed in accordance with Table C (for domestic 
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installations they may be unnecessary), they should be based 
on the actual currents used in the calculation of maximum 
demand, which must fall within the rating of the sub-circuit 
as required by Regulation 114(B)(i). 

(6) The voltage drop calculation should be based on the 
sum of the normal full-load currents reduced by a diversity 
factor to be assessed by a competent engineer, or otherwise 
on the basis of Table 1 when applicable. 

In respect of both (a) and (5) above, attention is drawn to 
the recommendations of Note 2 of Regulation 204(A) about 
the starting of motors. 


Inquiry 9 Regulation 206(A) and Table 7 


Is it permissible to distinguish switch cables of final sub- 
circuits taken from various phases by use of such colours as 
green, blue, white and red? 


Reply 

In large installations, as provided in Table 7 and its foot- 
note, the appropriate colour identification, red, white and 
blue, for the phase conductors of single-phase circuits derived 
from a 3-phase supply, may be used up to the final distribution 
board. To continue this practice in final sub-circuits however 
is not recommended, and the use of these colours to dis- 
tinguish circuits connected to the same phase is deprecated. 
Moreover, where conductors are identified by the application 
of coloured sleeves or discs in accordance with the alternative 
provided in Regulation 206(A)(i), it is considered undesirable, 
from the point of view of ease of checking (see Regulation 
504), that the cores themselves should be in a variety of 
colours. In any event, green should not be used for a live 
conductor and the use of black single-core cables for live 
conductors is best avoided. 

Where cables are to be identified by colour in compliance 
with the Regulations and further identification is desired for 
convenience during wiring, there is no need for this further 
identification to be by colour, and it may be preferable to 
adopt another means, e.g. the use of numbers, to avoid 
confusion. 


Inquiry 10 Regulation 206(A) and Table 7 


Regulation 206 and Table 7 refer to identification of cores 
of cables by colour. A core is defined as the conductor with 
its insulation, but not including any covering for mechanical 
protection. However, it is customary to provide identification 
by the use of a coloured braid rather than by actually colouring 
the cores of vulcanized-rubber-insulated cables, and the 
question arises whether this method meets the requirements. 


Reply 

Regulation 206(A) requires that every core of rubber-, 
p.v.c.- and polythene-insulated cables, shall be identified at 
its terminations and preferably throughout its length, and the 
coding as to colour for this identification is set out in Table 7. 
The requirements of the Regulations are satisfied if a non- 
sheathed cable with an overall braid for mechanical pro- 
tection is identified by the colouring of this braid, or if during 
installation sleeves of the appropriate colours are applied at 
its terminations. 


Inquiry 11 Regulations 207(G), 209 (F), 307(A) and 603(A) 
and Definitions 
Regulations 207(G) and 209(F) call for enclosures con- 
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taining cables from which the sheath has been removed, or 
unsheathed cables, to be bounded by incombustible material. 
Regulation 307(A) provides, as one alternative, for fixed 
apparatus of rating exceeding 60 watts to be enclosed in an 
incombustible enclosure. The exemption to Regulation 603(A) 
requires that if a backless distribution board complying with 
B.S. 214 is used, it must be installed on an incombustible 
surface. 

Does the note to the definition of ‘incombustible’ prevent 
lath-and-plaster, plasterboard, or hardboard being regarded 
as suitable to form the surface of these enclosures ? 


Reply 

The note to the definition of ‘incombustible’, as well as 
admitting the use of certain materials which may not comply 
with the test for incombustibility, relates also to necessary 
mechanical characteristics of the surface bounding a recess 
formed by the mounting of electrical apparatus or accessories. 

The incombustibility of building material is defined in 
B.S. 476 (1953), ‘Fire tests on building materials and struc- 
tures’, and further information is given in CP 3, Chapter IV 
(1948) ‘Precautions against Fire’, CP 122 (1952) “Walls and 
partitions of blocks and slabs’, and CP 211 (1949) ‘Internal 
plastering’. The plastered surface of lath-and-plaster or plaster 
over plasterboard has a good fire resistance, and plasterboard 
used alone, where continuous and free from cracks, is incom- 
bustible unless it is supplied with a paper covering, although 
in that event it still has a Class I spread-of-flame test classifica- 
tion. Hardboard is not incombustible. 

The use of switchgear, accessories and lighting fittings which 
themselves provide enclosure and protection for non-sheathed 
cable cores permits ready compliance with the requirements. 
Switchgear, accessories and lighting fittings with recessed 
backs may be mounted on British Standard boxes. Allter- 
natively they may be mounted on the building structure if it 
is of brick, stone, hardwood (but not hardboard), plasterboard 
or lath-and-plaster, provided that the surfaces are continuous 
and undisturbed and free from paper, and that secure 
mechanical fixing is obtained. Any cable holes that may be 
necessary through the supporting material must be accurately 
and neatly drilled and plugged with fire-resisting compound 
[see Regulation 212(B)]. 

If a cable passes through a partition formed of metal 
‘lath’ and plaster, bushings may be required for compliance 
with Regulation 209(D). 


Inquiry 12 Regulation 229(B) 
Is it permissible to install conduit underground for the 
wiring between buildings ? 


Reply 
Only when conduit is used as a pipe for cable selected in 
accordance with Regulation 229(B)(i). 


Inquiry 13 Regulation 229(B)(ii) 


If conduit is installed in an overhead span in accordance 
with Regulation 229(B)(ii), must the ends be taken to positions 
inside each building before joints are made to other lengths 
of conduit? 


Reply 


The span should be no greater than the conduit lengths 
specified in B.S. 31, ie. 10-15ft. It is not a requirement of 
the Regulations that joints should be made inside buildings, 


although if they are made outside, precautions should be taken 
against corrosion and leakage. 


Inquiry 14 Regulation 229(B) 

Does Regulation 229(B)(iv) and (v) exclude the use of 
p.v.c.-sheathed cable? I understand that this class of cable 
has been used extensively for catenary systems in recent years 
with complete satisfaction. 


Reply 

The use of p.v.c.-sheathed cables supported by catenary 
wires is specifically recognized in Regulation 210(C). Although 
the use of p.v.c.-sheathed cables is not specifically recognized 
in Regulation 229(B) (iv) and (v), objection has not been 
raised to their use for catenary systems between buildings or 
for wiring on insulators outside buildings. For lines supported 
on insulators, attention is drawn to the Overhead Line 
Regulations (El.C.53—1947 Revise), to which reference is 
made on p. 3 of the Introduction. 


Inquiry 15 Regulation 314 


In what circumstances is a separate linked switch required 
for the control of a non-portable heating appliance? In par- 
ticular, is the requirement waived if in compliance with B.S. 
1670 the appliance itself incorporates a double-pole switch, 
or if in compliance with Regulation 114, a fused spur box is 
used to connect the appliance to a ring circuit? 


Reply 

For the control of a non-portable heating appliance having 
the elements exposed so that they may be touched (assuming 
that a connection by plug and socket-outlet is not used and 
that the supply is earthed on one pole by the supply under- 
taking), a separate linked switch is necessary if the require- 
ments set out in Regulation 314(B)(i) are not met. These 
relate particularly to the need for connections to be so 
arranged that the appliance can be dismantled for main- 
tenance (e.g. cleaning or the replacement of a heating element) 
without necessarily exposing any parts which remain live 
when the switch mounted on the appliance is off: 

The above requirements apply irrespective of whether a 
ring circuit is in use, but if connection to a ring circuit is made 
by plug and socket-outlet, the plug being readily accessible 
when the heating appliance is in use, the requirement of a 
means of disconnection of all the supply conductors is 
then met. 


Inquiry 16 Regulation 314 


If an electric heating appliance complies with B.S. 1945 
Fireguards for ‘Heating Appliances’, and B.S. 1670 ‘Safety 
Requirements for Electric Fires’, is it exempt from the require- 
ment of means of control by a linked switch? 


Reply 

B.S. 1945 and the statutory requirements with which it is 
associated relate to likelihood of injury by burning and 
B.S. 1945 and B.S. 1670 require guards to satisfy a test with 
a specified test probe. Compliance with these Standards does 
not, however, imply that the screening is such that heating 
elements cannot be touched, for example by the test finger 
specified in B.S. 1670; under Clause 21 of B.S. 1670 heating 
elements, their terminations and element contact-members 
are exempt from the test with this test finger. Compliance 
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with the Standards thus does not in itself provide any exemp- 
tion from the requirement in Regulation 314 for a linked 
switch breaking all the supply conductors (or, alternatively, 
means of isolation by withdrawal of a plug from a socket- 
outlet). 

An electric panel fire complying with B.S. 1670 has, how- 
ever, a double-pole switch and this removes the need for 
provision of an external switch, provided the requirements of 
Regulation 314(B)(i) are satisfied. 


Inquiry 17 Regulations 314 and 405(B) 


Is it permissible for a switch of normal type controlling a 
non-portable appliance such as an immersion heater to be 
installed in a room containing a fixed bath? 


Reply 

The general requirements of Regulation 7 stipulate that 
means of disconnection shall be suitably placed for ready 
operation. 

Regulation 314(B) requires that a switch used to provide 
the means of disconnection of a non-portable appliance from 
live conductors ‘shall preferably be in the same room as the 
appliance but mounted apart from it within easy reach’ 
(subject to certain alternatives). In a room containing a fixed 
bath, it is acceptable if this requirement can be met by means 
of a switch which complies with the requirements of Regula- 
tion 405(B), i.e. is ‘out of reach of a person in contact with a 
bath’. Otherwise, alternative (iii) of Regulation 314(B) should 
be observed; this provides for the use of a switch of the type 
operated by an insulating cord or of a switch ‘placed in an 
accessible position outside and immediately adjacent to the 
normal access door of the room’. 


Inquiry 18 Regulations 315 and 316 


When a starter is provided which affords protection against 
excess current in the associated motor and in the cables 
between the starter and the motor, the Exemption to Regula- 
tion 316(B) permits the rating of the fuse protecting the final 
sub-circuit to be up to twice the rating of the cable used. 
Does this exemption apply to the cable between the starter 
and the distribution board? 


Reply 


Under Regulations 203 and 316(A), all cables supplying a 
motor must be of rating at least equal to the maximum normal 
sustained current. 

For the cable between a starter provided in accordance 
with Regulation 315(B) and the associated motor, overload 
protection is provided by the starter in accordance with 
Sub-Clause (iii). 

In the distribution board supplying the starter and motor, 
a fuse of rating greater than the full-load current of the motor 
may be needed to allow for starting current [see Note to 
Regulation 316(B)], but under the Exemption to Regulation 
316(B) the fuse rating must be not more than twice the rating 
of the cable between the distribution board and the starter, 
so that in this part of the circuit a cable of rating greater than 
the maximum normal sustained current of the motor may be 
required. Moreover, the earthing arrangements must be 
adequate in relation to the fuse rating (see Regulation 406). 


Inquiry 19 Regulations 401 and 403 


As earth-free situations are not dealt with in the 13th 
edition, must all lampholders be fitted with a protective shield ? 
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Reply 

Lampholders are required either to be insulated in accor- 
dance with Regulation 401(i) or to be earthed in accordance 
with Regulation 402, unless they comply with the requirements 
of Clause (ix) of Regulation 403. This exempts from the 
requirement of earthing ‘lighting fittings using filament lamps 
installed in a room having a non-conducting floor, mounted 
at such a height that they cannot readily be touched and are 
out of reach of earthed metal’. Only in a room containing a 
fixed bath is it essential, in accordance with Regulation 405(A), 
for lampholders to be fitted with protective shields or other- 
wise shrouded. 


Inquiry 20 Regulation 405(B) 

If a hot-water tank is situated immediately adjacent to the 
head of a bath, does this Regulation preclude the installation 
of an immersion heater fitted with an adjustable thermostat, 
since the immersion heater head incorporating such a thermo- 
stat would be within reach of a person in contact with the 
bath? 


Reply 

It is confirmed that an adjustable thermostat is a means 
of control falling within the scope of this Regulation, and 
must thus be out of reach of a person in contact with a 
fixed bath. 


Inquiry 21 Section 8 

What would be the safe distance between supports for 
striplight cable with lampholders at 36in. spacings? Would it 
be safe to use this equipment without catenary ? 


Reply 

The installing of striplight cable is considered normally to 
fall within the scope of Section 8 ‘Temporary installations’ 
and attention is drawn particularly to the requirements of 
Regulation 804. 


Inquiry 22 Tables 16-22 

Are the revised ratings of paper- and varnished-cambric- 
insulated cables applicable when cable boxes filled with 
normal grades of compound are in use and when the metal 
sheath of the cables may be touched? 


Reply 

The current ratings apply, subject to the rating factors 
given for higher ambient temperatures than those stated, for 
special dispositions of cables and for types of sheath. They 
are also subject to the requirements of Regulation 204 
regarding voltage drop. 

The maximum conductor temperature liable to be obtained 
with continuous operation at the full ratings modified as 
above is approximately 158°F (70°C) for paper- and 
varnished-cambric-insulated cables, and compound should 
be chosen suitable for this temperature. It should also be 
ensured that the fusegear and switchgear which may be con- 
nected to the cables have a suitable temperature rating. 

The maximum sheath temperature in these conditions is 
likely to be approximately 140° F (60°C), and in appropriate 
instances protection may be needed in compliance with 
Regulation 1. 
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WOOD NORTON HALL 


This year the B.B.C. Engineering Training Department at 
Wood Norton Hall, near Evesham, reached its tenth 
anniversary. This article reviews the origins and growth of 
this unique school, and the methods of education which 
have been evolved during its first decade. 








was brewing, the B.B.C. realized the need for an 

emergency transmitting station to take over broad- 
“casting if the London station was bombed, and they 
began to look for a secluded site in which to install it. 
They found, and bought, Wood Norton Hall—a red- 
brick mansion built by the Duke of Orléans in the style 
of a French chateau, panelled throughout and hung with 
blue and gold tapestries, and set among the lawns and 
trees of its own park near Evesham. 

After the Battle of Britain the dangers of air attack 
diminished, and the place lost its importance as a broad- 
casting station, but it continued to serve in another 
capacity. Owing to the demand for technicians in the 
armed forces, the B.B.C. was faced with a serious staff 
shortage, and launched a scheme for the training of men 
and women at the regional centres. With all its equip- 
ment and ready-made studios, Wood Norton Hall was 
eminently suited to help in this task. 

By the end of the war technical training had established 
itself as an important activity in the B.B.C., and with the 


|: the uneasy days of 1938, when the Munich crisis 


1 ‘Thou, silent form, dost tease us out of thought’ 
Students learning the art of lighting and picture composition. 








2 Quick-change act 


Practising a disc change-over in the recording laboratory. 








restarting of television services the need for it was 
greater than ever. It was decided to centralize effort, and 
Wood Norton was the natural choice. Since 1946 the 
B.B.C. Engineering Training Department has been in 
sole occupation. 

The training takes the form of full-time residential 
courses lasting from one to twelve weeks. There are 
five main types of course—initial-entry courses, which 
provide newly recruited technical assistants with an 
introduction to maintenance and operations work in 
sound and television; promotion courses lasting for 
twelve weeks, which deal with the principles of broad- 
casting engineering and their application to B.B.C. 
equipment; five-week conversion courses, which help to 
prepare staff in the sound service for transfer to television; 
six-week workshop courses; and specialist courses of one 
to three weeks’ duration for the senior members of the 
staff on new techniques and fundamental developments. 
An example of the latter is the one-week course in colour 
television which has been given to senior staff from all 
sections of the Engineering Division. 

Great value is placed on the residential nature of the 
training, because this gives students from one section of 
the B.B.C. an opportunity of meeting those from 
another, and of appreciating their problems and their 
work. The number of students in residence at any one 
time has been steadily rising, and, with the completion 
of a new hostel, is now two hundred. Students are 
accommodated in comfortably furnished rooms in large 
centrally heated buildings. There are well-appointed 
lounges, a sick bay, and canteen facilities. 

The policy adopted at Wood Norton represents a new 
approach to technical training. Every effort is made to 
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avoid duplication of the basic training given by the 
technical colleges, and to develop instead the skill and 
capabilities of the students. In practice, of course, the 
training concentrates on the equipment and methods 
used by the B.B.C., but the courses range far beyond the 
purely technical. They are designed to acquaint the 
students with all aspects of broadcasting work, quite 
apart from the branch in which he will specialize. Broad- 
casting work demands the widest possible outlook and 
flexibility of mind, and the B.B.C. welcomes men and 
women whose artistic sensibilities and technical know- 
ledge are equally well developed—for example, pass- 
degree graduates are very acceptable, because they often 
have wide interests outside their subject. 

Teaching is done largely by means of demonstration 
experiments which vividly present the principles of 
highly complex subjects to non-mathematical students. 


Practical work in the laboratories also forms an impor- 
tant part of the training and the keynote throughout is 
the linking of new techniques with the students’ past 
experience. The syllabuses are changed continuously to 
keep pace with developments, and a constant endeavour 
is made to keep the training two years ahead of current 
practice. The teaching staff numbers twelve lecturers, 
seven lecturer-demonstrators and a workshop instructor, 
under the Head, Dr. K. R. Sturley, and the Assistant 
Head, Mr. A. E. Robertson. The teaching staff are kept 
up to date in their work by periodical service with B.B.C. 
departments. 

The education provided at Wood Norton is unique 
and has attracted much attention. Many visitors have 
come from oversea to inspect the work, and education 
officers from some of the colonies have themselves been 
trained at Wood Norton in the methods employed. 





WHAT IS PERMEABILITY? 


From Professor E. G. CULLWICK, 0.B.E., M.A., D.SC., 
F.R.S.E., MEMBER 


In the August issue Mr. L. H. A. Carr is, I think, unduly 
respectful to an authority which manifestly does not express 
the ‘consensus of opinion and usage’ of active workers in 
electromagnetism. In addition to Professor G. W. Carter, 
the following are some of those who evidently possess 
sufficient independence of mind to disregard, lightly or not, 
the edict of the I.E.C. on this matter, either in symbols or 
nomenclature or both: Craemer [‘Elements of Electrical 
Engineering’ (U.S.A., 1948)]; Harnwell [‘The Principles of 
Electricity and Magnetism’ (U.S.A., 1949)]; Mueller [‘Intro- 
duction to Electrical Engineering’ (U.S.A., 1948)]; Slater 
and Frank [‘Electromagnetism’ (U.S.A., 1947)]; Smythe 
[‘Static and Dynamic Electricity’ (U.S.A., 1950)]; Page and 
Adams [‘Electrodynamics’ (U.S.A., 1949)]; Fowler [‘Intro- 
duction to Electric Theory’ (U.S.A., 1953)]; and Dubois 
[‘Electromagnétisme’, Vol. 1 (France, 1953)]. A pungent 
criticism of the confusion of the primary constants with 
permittivity and permeability is to be found on pp. 791-800 
of ‘Electromagnetics’ (Great Britain, 1938), by A. O’Rahilly, 
who ‘declines to submit even to an International Committee 
if it chooses to talk nonsense’. 

_ If further evidence is needed that the authority of the I.E.C. 
is being widely disregarded, it may be noted that Mr. P. 
Popper, in his review of ‘Ferroelectric Materials’ in the same 
issue Of the Journal as that which carries Mr. Carr’s letter, 
uses the old ‘practical’ system, in which the practical units 
of the electric circuit (including the coulomb) are mixed with 
C.G.S. absolute units for the magnetic field. Unfortunately, 
he uses the symbol €9 (standard for space ‘permittivity’) for 
the initial (relative) permittivity of barium titanate. As he 
shows a D/E hysteresis loop in Fig. 4, the uninitiated may well 
suppose that his values for permittivity are in fact equal to 
DIE. This, however, is not so, and Mr. Popper uses per- 
mittivity in the sense advocated by Professor Carter, myself, 
and many others. The definition of permittivity as D/E is not 


OcToBeR 1956 


CORRESPONDENCE 


consistent either with the C.G.S. system which has been 
widely used, or with the old ‘practical’ system of units. 

In the C.G.S. system used by Maxwell, and generally 
adopted later in standard textbooks, we have in free space 
DJE = 1/47, and in a dielectric medium D/E = «/47, where 
« is the permittivity or dielectric constant. It is never main- 
tained in this system that the permittivity of free space is 1/47. 

In the old ‘practical’ system, charge Q is in coulombs and 
field intensity E is in volts/cm, so that the field intensity of a 
point charge in free space is 


E~ 9 x 10"Q/r? volts/cm, 
and D = Q/4mr? coulombs/cm? 


Thus, in free space, 
D/E =~ 8-85 x 10~'° coulomb/volt-cm 


It is never maintained that in these systems permittivity is 
equal to D/E; its free-space value is always taken as unity, 
and dimensionless. On the other hand, in both the C.G:S. 
electromagnetic system and the old ‘practical’ system the 
free-space value of B/H is unity, for B and H are measured 
in C.G.S. electromagnetic units in both cases. This is the 
cause of the violent arguments about the dimensions of 
permeability. 

What, then, can be the justification, when adopting the 
M.K.S. system, for inventing an entirely new definition of 
permittivity as D/E? It is most unlikely to receive support 
either from experimentalists, who, like Mr. Popper, are 
interested in actual practical values, or from theoretical 
physicists. The international agreement welcomed by Mr. Carr 
enshrines this definition and is positively harmful; it has 
already led astray an influential group of science masters.* 
I am quite shocked to find that Mr. Carr regards the mere 
fact of such agreement as being of more importance than 
scientific considerations. 


* ‘The Teaching of Electricity: with Special Reference to the Use of M.K.S. 
Units: a Report of a Sub-Committee of the Science Masters’ Association’ (John 


Murray, 1954), pp. 12-15. 
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A REVIEW of the Proceedings 








Papers read at the Convention on Digital-Computer Techniques, April 1956 


The short reviews published this month are all reviews of papers read at the Convention on Digital-Computer 
Techniques, which was held by The Institution from the 9th to.14th April 1956. They form a third selection of 
reviews of Digital-Computer papers, previous selections having been included in the August and September 
Journals. Papers Nos. 2176, 2149, and 1897 were read at General Sessions of the Convention and the remainder 
at Specialist Sessions. A final selection of Digital-Computer reviews will be published next month. The complete 


papers are being published in special supplements to the Proceedings, as announced in the July Journal, p. 446, 


Supplement No. | is now available, and the two other supplements will appear later this month and next month. 


Pegasus 


Paper No. 2176 entitled ‘The Design Philosophy of Pegasus, 
a Quantity-Production Computer’, by W. S. Elliott, M.A., 
F.Inst.P., Associate Member, C. E. Owen, M.A., Associate 
Member, C. H. Devonald, B.A., and B. G. Maudsley, 
A.M.I.Mech.E. 


THE DESIGN OF THE PEGASUS COMPUTER IS BASED ON TWO 
main concepts—that the computer shall be easy to use, 
and that, as far as is reasonably possible, all components 
that are prone to failure, namely valves and crystals, 
shall be mounted on plug-in units or bricks. The first of 
these reduces the time taken to produce a finished pro- 
gramme; the second reduces the time taken to correct 
the computer when a fault develops in it. With the 
plug-in technique, the time to correct the computer, 
once the fault has been located, is only the few seconds 
needed to remove the faulty unit and replace it by a 
fully tested one from a stock of spares. 

A considerable programming study of the requirements 
of a general-purpose computer was undertaken before 
the final user specification of Pegasus emerged. Briefly 
this specification included a large order code with a 
generous allowance of organizing orders (for in pro- 
gramming, it is usually the non-arithmetical part of a 
programme that proves most troublesome), and a 
logical structure based on a main store of a magnetic 
drum, from which information is transferred to an 
immediate-access store of some fifty-five magneto- 
strictive delay lines. This latter store holds the orders 
and operands that are being currently used, and avoids, 
to a very large extent, the access time to the comparatively 
slow drum store. 

Most of the bricks in Pegasus house two or three 
double-triode valves and some sixty to eighty other 
components. The plugs and sockets associated with these 
bricks have thirty-two connections and are made from 
four 8-way in-line plug-and-socket units which were 
specially developed for the job. Some seven or eight of 
these connections are used for power supplies, and the 
remainder for the logical connections. 

The serial binary digits in Pegasus are represented by 
pulses of 3microsec period. The reshaping of these 


604 


Logical wiring of Pegasus 
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pulses is done by first gating them with a standard 
‘clock’ waveform, and then delaying the gated pulse one 
digit period. This clock waveform is a square wave of 
3microsec period with a 1:1 mark space ratio. Thus 
there is a tolerance in timing of about | microsec at each 
edge of a digit pulse. 

Germanium crystal diodes are used for all gating 
operations in Pegasus. There are six types of brick that 
are used for almost all the logical part of the computer. 
These bricks contain arrangements of ‘and’ gates, ‘or’ 
gates, inverter units, digit delay circuits and the magneto- 
strictive delay lines. Each logical element has a cathode- 
follower output. The design of the computer consists in 
building up the arithmetic units and the control from 
these basic logical units. The photograph shows the 
logical wiring, which connects the pins of the sockets into 
which the bricks are plugged. 681.142 : 621.374.32 


Character Recognition 


Paper No. 2149 entitled ‘The Design of a Logic for the 
Recognition of Printed Characters by Simulation’, by 
E. C. Greanias, M.S., C. J. Hoppel, B.S., M. Kloomok, 
M.S., and J. S. Osborne, B.S. 


THE DESIGN OF LOGICAL CRITERIA FOR THE RECOGNITION OF 
printed characters can be greatly expedited by using a 





high-speed digital computer to obtain information 
regarding the effectiveness of the proposed criteria 
when applied to realistic characters. In this simulation, 
the data fed to the computer represent the output signals 
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CHARACTER LIBRARY 
SPECIMEN 15 CARDS/CHARACTER 


1 Storage of scanned data on punched cards 








from a suitable scanner when a wide range of characters 
is scanned. 

In the recognition scheme investigated, printed matter 
was serially scanned with a fine spot of light along closely 
spaced vertical lines. Each vertical scan was divided into 
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2 Examples of characters recognized by the proposed logic 
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SOLAR SIGH Lozense AsteEnisa 











sub-intervals which were designated ‘black’ or ‘white’ in 
accordance with the reflected signals. Binary data for 
each scan were coded into three decimal digits which 
designate the number, size, and position of the black 
areas in the scan. The entire sequence of coded scan 
information constituted an abbreviated signature of the 
character. Recognition was achieved by comparing the 
coded sequence with a set of prescribed sequences which 
define the recognition criteria. 

Basic input data for the simulation were obtained by 
scanning several thousand specimens with a laboratory 
flying-spot scanner, and storing the resulting binary scan 
data in punched cards, as shown in Fig. 1. Coding 
definitions were applied by means of a programme, and 
the coded scan information was also permanently stored 
in punched cards. The proposed logical circuit used to 
compare sequences of coded scan information to pre- 
scribed sequences was simulated in such a manner that 
testing, modification and retesting were expeditiously 
carried out. The feasibility of this recognition scheme 
was established and the final design determined in 
considerable detail by means of simulation prior to 
construction of experimental models. Fig. 2 shows a 


range of characters that were recognized by this scheme. 
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Digital Remote Position Control 


Paper No. 1897 entitled ‘Remote Position Control and 
Indication by Digital Means’, by W. S. Elliott, M.A., Asso- 
ciate Member, R. C. Robbins, B.A., Associate Member, 
and D. S. Evans, Associate Member. 


INDICATION AT A REMOTE POINT OF THE POSITION OF A 
moving part (such as a directional antenna array, the 
control rods in a nuclear reactor, etc.) can be effected by 
electrical analogue methods such as Magslip transmitters 
and receivers, but with these analogue methods it is 
difficult to obtain an accuracy better than about | part 
in 1000. Digital representation of position allows greater 
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1 A digital r.p.c. system showing control of a shaft setting by 
a digital instruction 


Full arrows and lines indicate continuous variables; broken lines 
indicate discrete variables. 


accuracy to be achieved and would confer other advan- 
tages, particularly in complex systems. 

Accurate digital representation of position can be 
used for digital recording onto punched cards, magnetic 
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2 Essentials of a binary-disc shaft-to-digital convertor 








3 High-accuracy convertor 


1. Binary disc. 6. Timing-circuit chassis. 

2. Video amplifier. 7. Radial-deflection circuit chassis. 
3. Photomultiplier holder. 8. Disc table. 

4. C.R.T. resilient mounting. 9. Mirror. 

5. E.H.T. supply. 
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tape, etc., or for feeding to a digital computer. Also, just 
as the position of a shaft can be controlled by Magslips 
and a servo amplifier and motor, the position of a moving 
part can be controlled by the use of a digital transducer 
and a digital command (Fig. 1). Control of this kind can 
be exercised by a specially designed digital computer so 
that a complicated sequence of control operations is 
carried out automatically according to a preset pro- 
gramme, and, if desired, with feedback from the con- 
trolled parts. 

A digital transducer is a scale of some kind attached 
to the moving part and carrying marks which can be 
read by electric, magnetic or photo-electric sensing. 
A glass scale with opaque marks sensed by photocells 
will give the greatest resolution. Two transducer systems 
are possible. In one system the scale is a simple set of 
single marks each of which is counted as it comes past a 
fixed reference position. In the other system there is at 
each position on the scale a set of marks arranged trans- 
versely to the direction of movement of the part and 
representing position explicitly. In Fig. 2, for example, 
the moving part is a shaft carrying a disc divided into eight 
segments of 45° each. In each segment the presence or 
absence of marks at each radial position gives a direct 
binary representation of segment number (0 to 7). A 
scale of this kind can be sensed either by a flying-spot 
scanner and single photocell as in Fig. 2, or by using a 
miniature photocell for each of the marks in a set. A 
straight-line scale of the same kind can be used to 
measure linear position, and by suitable coding of the 
marks any function of radial or linear position can be 
represented (for example sine and cosine of radial 
position). The coded system is more complicated than 
the counting method but is self-correcting in case of 
intermittent failure. 

The paper describes a system in which shaft position is 
represented to an accuracy of one minute of arc, and the 
representation is fed at a 330kc/s digit rate to a series 
digital computer. Fig. 3 shows a high-accuracy shaft-to- 
digital convertor. 621.398 ; 681.142 


Computation by Lanczos’s Method 


Paper No. 2017 entitled ‘The Method of Lanczos for 
Calculating the Characteristic Roots and Vectors of a 
Real Symmetric Matrix’, by R. A. Brooker, M.A., and 
F. H. Sumner, Ph.D. 


THIS PAPER DESCRIBES A METHOD FOR CALCULATING, ON A 
high-speed digital computer, the characteristic roots and 
vectors of a real symmetric matrix. The method was first 
Suggested by C. Lanczos, who says ‘The eigenvalue 
problem of linear operators is of central importance for 
all vibration problems of physics and engineering. The 
vibrations of elastic structures, the flutter problems of 
aerodynamics, the stability problem of electric networks, 
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the atomic and molecular vibrations of particle physics 
are all diverse aspects of the same fundamental problem, 
namely the principal-axis problem of quadratic forms’. 

The first part of the paper summarizes the principal 
characteristic properties of a matrix A and introduces 
the transformation HAH~', which preserves the charac- 
teristic roots. For if A; is a characteristic root of A, and x, 
is the corresponding characteristic vector, then we have 
the relation 


Ax, = A,X; 
which on pre-multiplying by H may be written 
HAH" Hx; = i,Hx;, ot Cy, = Ay; 


where C = HAH™' and y, = Hx;. Thus A, and y, are 
characteristic roots and vectors of C. 

The method of Lanczos amounts to determining an 
H such that 


HAH =C= 








The last part of the paper discusses how to evaluate the 
characteristic roots and vectors of the ‘codiagonal’ 
form C. Particular interest attaches to the case where 
one or more of the f, terms are small, which condition 
signifies the presence of approximately equal roots. 

Finally the method is compared to the so-called 
‘rotation’ method, which employs a series of orthogonal- 
transformation matrices T, (i.e. such that the transpose 
T, = T;') 

. » « 137%TATM 7973 - . . 


designed to reduce the off-diagonal elements to zero. 
The Lanczos method involves only operations on the 
columns of A and is therefore suitable for a machine 
with a magnetic drum storage (in which either rows or 
columns are easily accessible but not both). The ‘rota- 
tion’ method on the other hand involves access to both 
the rows and columns of A and is therefore more suitable 
for a one-level storage machine. 518.5 : 681.142 


Programming at Manchester 


Paper No. 2013 entitled ‘The Programming Strategy used 
with the Manchester University Computer’, by R. A. 
Brooker, M.A. 


THE MANCHESTER UNIVERSITY ELECTRONIC COMPUTER 
Mark I was installed in the Computing Machine Labora- 
tory (now part of the Electrical Engineering Department) 
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in July 1951, the occasion being marked by an inaugural 
conference.* Since then the computer has been used in 
connection with a wide variety of problems in physics, 
chemistry and engineering. This paper gives an account 
of the basic programming strategy, common to all 
applications, which was developed during the first two 
years of operation. The account is partly of historical 
interest since it is hoped to replace the existing machine 
by a Mark II machine incorporating several new features 
gained as a result of experience with the Mark I machine. 

The Mark I machine was mainly notable as being the 
first machine in this country to incorporate a two-level 
storage system using a magnetic drum as auxiliary 
storage medium. In a two-level storage system (which is 
the most economical way of realizing an indefinitely 
large storage capacity) there is a small working store in 
which all computation takes place, and a very much 
larger auxiliary store, in which is kept all information, 
instructions and data, not immediately required. In the 
working store the bits of information (binary digits) are 
stored as a raster of electric-charge patterns on the inner 
surface of a cathode-ray tube; there are 8 such tubes in 
all, storing a total of 10240 binary digits. In the auxiliary 
store the digits are stored as magnetic-charge patterns 
on the nickel-plated surface of a rotating drum. The 
information is arranged in 256 tracks each containing 
2560 digits. Whereas the individual numbers in the 
working store are rapidly accessible (i.e. in a time at 
least comparable to the time of an arithmetic operation, 
namely 1-2 millisec) the information on the drum is not 
so easily accessible and the most convenient arrangement 
is to transfer the entire contents of a single track into 
two tubes of the working store. This operation takes 
40 millisec and the reverse operation 90 millisec. The 
relative accessibility characteristics of the two stores 
virtually dictate the entire programming strategy, which 
is, simply, to regard the auxiliary store as the main store. 
In this arrangement everything is normally kept in the 
auxiliary store, and the individual routines and sets of 
numbers are transferred to the working store only when 
used. This is justified by the economy of time, and the 
author describes how the individual routines, of which a 
complete programme is composed, are ‘called in’ to the 
working store in the proper sequence. 

The paper shows how instructions are written and 
prepared for reading into the machine, and also the use 
of the library of sub-routines for carrying out standard 
numerical operations (e.g. square roots). The use of the 
machine for matrix work (e.g. matrix inversion) and 
partial differential equations is also mentioned. For the 
non-specialist reader however the most interesting 
feature is the account of the autocoding scheme, which 
allows persons not familiar with the programming ‘art’ 
to learn quickly how to prepare small problems for the 
machine. For such problems the autocoding technique 
can be acquired in an hour or two, whereas to learn 
conventional programming is usually a matter of weeks. 


- 621.374.32 : 681.142 
° enetinn of the Manchester University Computer Inaugural Conference. 
Manchester University, July 1951. 
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Heat-Flow Computation 


Paper No. 2033 entitled ‘The Solution of Non-Linear 
Heat-Conduction Problems on the Pilot Ace’, by E. L. 
Albasiny, B.A. 


THE PROBLEM OF ASCERTAINING THE BEST CONDITIONS FOR 
the freezing of fish-slabs having one-dimensional heat 
flow is related to the solution of the heat-conduction 
equation 
06 06 
¥- 3%) 
ot ox\ Ox 
where x and ¢ are space and time co-ordinates, # denotes 
the temperature and p, c and k are respectively the 
density, specific heat and thermal conductivity. The 
parameters involved in any particular solution are the 
initial slab temperature, the refrigerant temperature, the 
slab thickness and the surface heat-transfer coefficient. 
For this particular problem no explicit solution exists 
since p, c and k depend upon @ and have to be determined 
experimentally. To obtain an approximate solution to 
the problem on a high-speed computer the equation is 
replaced by a set of n + 1 first-order non-linear ordinary 
differential equations, where n is arbitrary. 
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The equations are integrated by a standard step-by-step 
procedure, in which the interval required for stability 
is determined by n; as n increases, the interval of 
integration has to be progressively decreased. From a 
practical point of view this clearly imposes a limit on the 
magnitude of n, and it was found that m = 6 gives the 
accuracy required. 

Temperature distributions computed on the Pilot Ace 
computer for a typical case are shown in the Figure. 

536.21 : 681.142 


A Digital Store 


Paper No. 2040 entitled ‘A Digital Store using a Magnetic- 
Core Matrix’, by A. A. Robinson, M.A., Ph.D., Associate 
Member, V. L. Newhouse, Ph.D., M. J. Friedman, B.Eng., 
D. G. Bindon, Student, and I. P. V. Carter, M.A. 


A DIGITAL STORE OF THE MAGNETIC-CORE MATRIX TYPE 
has been made in which binary digits are represented by 
the digection of magnetization of ferrite toroids. 1024 
toroids are arranged in a formation similar to that of 
Fig. 1 but having 32 cores in each row and column. The 
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store consists of ten such arrays storing 1024 10-digit 
words, and an eleventh array storing a checking digit for 
each word. Corresponding selection wires from each 
array are connected in series, but each array has its own 
independent ‘read’ and ‘inhibit’ wires. 

A word can be selected by passing half of the current 
I, tequired to saturate the cores along one of the row 
and one of the column selection wires; this current 
Saturates the cores at the eleven intersections of the 
wires, but is not enough to affect any other cores 
seriously. In order to read a word, the cores storing it 
are magnetized in this way in the ‘0’ direction. The e.m.f. 
thereby induced in the ‘read’ wires will be sufficient to 
operate a reading circuit only if the selected cores have 
undergone a reversal of magnetization, showing that 
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the stored digit was ‘1’. Writing is performed by reversing 
the currents in the selection wires. This magnetizes 
the selected cores in the ‘1’ direction except in those 
arrays where an opposing current of 4/,, is made to flow 
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2 Waveforms in a core matrix store 


(a) Selection wire currents. (5) Read wire output. (c) Inhibit 
wire current. (d) Resultant current linking selected core. 





in the ‘inhibit’ wire. Fig. 2 shows the waveforms occurring 
in operation. 

A feature of the store is the use of transformers to 
couple the external circuits to the arrays, which permits 
the currents to be switched and reversed at a low current 
level. The 64 transformers driving the selection wires are 
arranged in two 4 x 8 arrays, and the final selection is 
performed by diodes, so that only 17 pentodes are 
needed to select one of 32 wires. 

The store is compact. The reading, writing and selection 
circuits are mounted on three chassis, 20 inches x 10 
inches x 5 inches, and the 11264 toroids are assembled 
in a 43-inch cube. The store can be modified by changing 
the number of cores in each array and by changing the 
number of arrays; in particular, it can be quadrupled in 
capacity with less than twice the external circuitry. It is 
suitable for use where a capacity of the order of 10‘ 
binary digits is required with random access to several 
digits in parallel at intervals of the order of 10 microsec. 
Arrangements can be made for serial access in place of, 
or in addition to, parallel access. The store is not 
restricted to the timing sequence of Fig. 2, and it is 
therefore suitable for use as a buffer between equipments 
working at different and perhaps varying speeds. It has 
been found in practice to be extremely reliable. 

621.374.32 : 621.318.042.13 : 681.142 
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Storage Circuits 


Paper No. 2073 entitled ‘Some Storage Circuits Based on 
Valves’, by G. C. Tootill, M.A., M.Sc., Associate Member. 


IS THE ECCLES-JORDAN CIRCUIT UNDULY EXPENSIVE IN 
valves, for the number of stable states it provides? The 
paper describes several types of circuit which use, in fact, 
relatively fewer valves, and a further particular case will 
be explained here, to illustrate the principles, namely a 
three-valve circuit with nine stable states. 

The basis is a triode ‘quantizer’, shown in Fig. 1(a), 
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1 Three-level quantizer 
(a) Circuit. (6) Characteristic. 


whose anode voltage is roughly independent of its grid 
voltage not only in the usual two limiting regions, but 
also at an intermediate level, as in Fig. 1(b). This anode 
level of 122 volts occurs when neither of the diodes is 
conducting, so that the valve operates as a cathode- 
follower. For extreme values of grid voltage, however, 
one or the other diode conducts, and the stage becomes 
a voltage amplifier which limits. 

The full circuit (Fig. 2) uses two of these quantizers, 
VO and V1, and a further valve, VA, which has a feedback 
resistor and does not limit. Assume first of all that the 
V1 anode is connected directly to a +195-volt supply so 
that its potential cannot change. VO and VA can now be 
regarded as a sort of Eccles—Jordan circuit. If the VO 
grid is held at —8 volts by external means (not shown), 
the VO anode will be at +-122 volts, and thé anode of VA 
at about +-97 volts, from the usual consideration of the 
sum of the currents at its grid. Calculation then shows 
that the VO grid potential will not change appreciably if 
the external constraint is removed, so that this is an 
equilibrium state for VO and VA. Further, the equilibrium 
is stable, since the gain round the loop through VO and 
VA is about 0-07 times. It can be shown in a similiar 
manner that the extreme levels at the VO anode also 
specify stable states, with VA anode potentials of +60-5 
and +133-5 volts, since VA gives a gain of one half 
from its input at the VO anode. 

Another consequence of this fact is that the potential 
at the V1 grid is the same for all three of the above states, 
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and is, in fact, —25 volts. The postulated direct con- 
nection of the V1 anode to +195 volts is therefore 
unnecessary since, in its absence, the equilibrium 
potential is the same. Starting with the V1! anode at 
+122 or +49 volts still reveals that VO and VA have 
three stable states, the middle anode potential of VA 
being 36-5 or 73 volts higher, respectively. The circuit 
is, in fact, symmetrical between VO and V1. 

For test purposes, input was from press-buttons, 
allowing one of three low-impedance direct voltages to 
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2 Circuit storing two ternary digits 


be connected to each of the grids of VO and V1 simulta- 
neously. Output was by means of a digital-to-analogue 
convertor driving a milliammeter. The resistors were of 
+1% tolerance and the measured tolerance to variations 
of the —290-volt supply was + 10%. 

The main conclusion of the paper is that valves can be 
saved by the circuits described, but the price must be 
paid in tighter tolerances. 621.374.32 


Magnetic-Gore Devices 


Paper No. 2065 entitled ‘The Design and Use of Logical 
Devices using Saturable Magnetic Cores’, by G. G. 
Scarrott, Associate Member, W. J. Harwood, B.E., and 
K. C. Johnson, M.A. 


MOST OF THE INTERNAL PARTS OF A DIGITAL COMPUTER, 
such as the control, the store selection or the arithmetical 
units, can be considered as a network of logical devices 
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through which information pulses are propagated and 
modified. This leads to the possibility of designing 
elementary building bricks, from which such a computer 
can be constructed. One possible design of brick is 
described, which uses magnetic cores for both the power 
amplification and the logical function. The logic used is 
not the classic Boolean system, but is based on the 
principle of a ‘free election’, with input pulses connected 








3 Practical realization of the core unit 
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to ‘vote’ democratically either for or against an output 
pulse. The advantages of this system are described, and 
some typical logical arrangements are shown. An ampli- 
fier which reshapes and retimes the pulse is associated 
with every gate, so that interconnections are not difficult, 
and complicated systems can be constructed economically. 

The design of the magnetic-core circuit differs from 
those previously described by other workers, in so far as 
it has a substantial power gain in each stage. This is 
achieved by having a turns ratio of 20: 1 between output 
and input windings, and by having no series or shunt 
resistances in the circuit. This power gain, however, is 
of little value unless proper precautions are taken to 
ensure that limiting occurs at appropriate levels. Thus, 
if a core has been accidentally changed by as much as 
one third of the saturation-flux change representing a 
digit, no significant change must be passed on, whilst 
if it is, for some reason, only two-thirds instead of 
completely changed, then a _ substantially complete 
change must be made to occur in the next core. This 
essential requirement is satisfied by overlapping the 
shift pulses in a two-phase system, so that the first third 
of an output is deliberately wasted whilst the next third 
is used to shift a driven core. Bias pulses have also been 
used, and Fig. 1 shows the outlines of the circuit and 
the timing waveforms. 

Fig. 2 illustrates some of the logical functions which 
can be derived in a single stage. The arrows with single 
or double barbs represent pulses favouring an output 
with one or two votes respectively, whilst half and whole 
circles represent single or double votes against. An 
output is obtained when there is a majority of two or 
more votes in favour. The inputs marked S are 
continuously present. Fig. 3, showing a core wound and 
assembled on a printed board, gives an idea of the size of 


one of these logical elements. 
621.374.32 : 621.318.1.042.13 : 681.142 


Parallel C.R.T. Store 


Paper No. 2094 entitled ‘The Design and Operation of 
a Parallel-Type Cathode-Ray-Tube Storage System’, by 
D. B. G. Edwards, Ph.D., M.Sc. 


THE PAPER DESCRIBES WORK CARRIED OUT FOR THE 
provision of a main store in the Manchester University 
Mk. II machine. That cathode-ray tubes were used is not 
surprising, because at the time the work was undertaken, 
magnetic-core storage was in its infancy, particularly in 
this country. The general form of the store is illustrated 
in the diagram. There are ten cathode-ray tubes each 
containing 1024 digits, giving a total capacity of 10240 
bits. Parallel access to the ten tubes is provided, and as 
the system operates at a frequency of 100kc/s a basic 
word of ten digits becomes available in 10microsec. 
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Though the main store is of this parallel form, the 
remainder of the machine is operated serially but at the 
higher frequency of 1 Mc/s, so that the speeds of the store 
and the machine are exactly matched. Certain conversion 
processes are necessary, however—for reading from 
store to machine a parallel-to-serial conversion, and for 
writing from machine to store, a_serial-to-parallel 
conversion. The equipment for carrying out these con- 
versions is also shown in the diagram. 

In the provision of a parallel-type cathode-ray-tube 
store a problem arises, because it is possible to select any 
address many times in between successive regeneration 
of the store contents. This process can cause severe 
interference, and if it does so the store is said to have a 
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Schematic of the cathode-ray tube storage system 





limited read-around ratio. Ideally this is undesirable and 
the paper describes precautions which were taken to 
minimize interference from this source. The development 
of a monitor system which was used to estimate the 
magnitude of this interference on various cathode-ray 
tubes prior to their use in the machine is also discussed. 

The system used for address selection is an improve- 
ment on previous practice and is more economical, 
reliable, and faster in operation. The system controls the 
X- and Y-deflection waveforms, and the required accuracy 
of these digital-to-analogue convertors is considered and 
their design discussed. 

A parallel store has, by definition, one digit of each 
word located in each storage element, e.g. a cathode-ray 
tube. Thus a visual display of the contents of one tube 
would be meaningless to an operator who is interested 
only in complete words. However, the need for ordered 
regeneration of the digits in the store, and the subsequent 
parallel-to-serial conversion of each word by the machine, 
makes it possible to monitor the complete high-speed 
store in a logical manner. The display is similar to that 
on the Mk. I machine but the system has to operate at a 
higher speed. In practice the ‘bright up’ time of the 
monitor cathode-ray tube is 0-1 microsec for a ‘0’ and 
0-5 microsec for a ‘1’. 

In conclusion it can be stated that the storage system 
described has been operated very successfully for about 
six months, whilst the machine was being used for 
serious calculation. 621.385.832 : 681.142 
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Magnetic Information 


Paper No. 1946 entitled ‘Reading of Magnetic Records by 
Reluctance Variation’, by T. Kilburn, M.A., Ph.D., D.Sc., 
Member, G. R. Hoffman, B.Sc., Ph.D., and P. Wolsten- 
holme, B.Sc. 


THE PAPER DESCRIBES A METHOD OF READING INFORMATION 
recorded on a magnetic medium, in which the velocity of 
the medium can have a wide range of values including 
zero. Signals from the medium are obtained by varying 
the reluctance of the reading head. 

The present research is concerned with the application 
to the input and output equipment of digital computers. 
Static reading of the record facilitates the checking of 








MODULATION 
WINDINGS 





input magnetic tapes and, perhaps more important, the 
recording of computer output information at high speed, 
which allows subsequent printing at low speed with a 
conventional teleprinter. 

Two methods are de- 
scribed for varying the 
reluctance of the magnetic 
circuit of the reading head. 
In one the reluctance is 
modulated by passing 
current through part of the 
magnetic circuit. The 
alternative arrangement, 
which is preferred, is shown 
in Fig. 1, where an auxiliary 
magnetic circuit is fabri- 
cated. A sinusoidal current 
in the modulation winding 
alters the reluctance of the 
auxiliary circuit, and this 
in turn varies the reluc- 
tance of the main magnetic 
circuit. 

Signals resulting from the 
earth’s field are discussed. 





2 A small reading head 
compared with a pin 
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They have led to the development of reading heads of 
small dimensions as shown in Fig. 2, the outer diameter 
being 1/20 inch. With heads of this type 50 digits per 
inch have been read from magnetic tape. 621.395.625.3 


Magnetic-Tape Storage 


Paper No. 2051 entitled ‘A Magnetic-Tape Auxiliary 
Storage System for the Edsac’, hy M. V. Wilkes, M.A., 
Ph.D., F.R.S., Associate Member, and D. W. Willis, M.A.., 
Graduate. 


MAGNETIC TAPE FORMS A VERY SUITABLE MEDIUM FOR THE 
storage of large quantities of numerical information, and 
has been widely used in digital computers for auxiliary 
storage and for input and output. As in many other 
aspects of computer design, the decision has to be made 
as to which operations shall be controlled by specialized 
electronic equipment provided for the purpose, and 
which by instructions appearing in the order code of the 
machine. Any sequence of operations may proceed 
automatically by either process. For example, the 
operation of searching for a required section of informa- 
tion may be performed either by comparing the address 
of the current position of the tape with the address of 
the required section by means of a special subtracting 
circuit, or by entering the addresses into the arithmetic 
unit of the machine and comparing them by means of a 
sequence of instructions including subtraction. 

A more extensive use of programming has the obvious 
advantage of making specialized and lightly loaded 
equipment unnecessary. On the other hand, construction 
of a programme for controlling the magnetic tape, and 
for transferring information to and from it, demands an 
intimate knowledge of the working of the system and of 
the timing of operations in the machine as a whole. 
Once constructed, however, such a programme can be 
put in the form of a subroutine, and can be made use of 
by those who do not possess this intimate knowledge, 
and who need not be aware of the functions of the special 
instructions used for controlling the tape, or even of 
their existence. 

The paper contains a description of an experimental 
magnetic-tape storage system which has been developed 
for the Edsac. The tape-transport unit, shown in the 
Figure, employs a pneumatic method of drive and 
braking. Accelerations of the tape are rapid, the time 
taken to start or stop the tape being about 10 millisec. 
Motion in either direction is controlled remotely by the 
computer with the aid of solenoid-operated pneumatic 
change-over valves. The main bulk of the tape is carried 
on two reels, driven by independent on-off servo- 
mechanisms. These comprise a split-field servo motor 
and a solenoid-operated mechanical brake, which are 
actuated by photo-electric sensing stations in a tape box 
that contains a loop of tape between the reel and the 
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drive section. The information stored on the tape can 
represent the results of much calculation, and special 
importance is attached to the need for safeguarding 
the tape from damage as a result of component or 
supply failure or of mishandling of the equipment by 
the operator. 

Because of the mechanical nature of the system and of 
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General arrangement of the tape transport system 


the difficulty of obtaining homogeneous magnetic tape, 
the intrinsic reliability of magnetic-tape storage is low 
compared with other types of computer storage system. 
In view of this, means are provided for verifying that the 
information has been correctly transferred, by including 
some redundancy in the stored information. Arithmetic 
checks are performed with every transfer, and the 
correction of errors is automatic. 

The system described is one in which a major part of 
the control is performed by programming. The authors 
describe ways of constructing subroutines for controlling 
the tape and the transfer of information. These sub- 
routines have been carefully annotated so that their 
action should be sufficiently clear without a detailed 
knowledge of the Edsac instruction code. Further_and 
more detailed information about the subroutines used is 
given in the appendix. 621.395.625.3 : 621.374.32 : 681.142 


A Magnetic-Tape Digital Recording 
Equipment 


Paper No. 2077 with the above title by A. A. Robinson, 
M.A., Ph.D., Associate Member, F. McAulay, A. H. 
Banks and D. Hogg. 


THE EQUIPMENT WAS PRIMARILY DESIGNED FOR USE AS A 
large-capacity backing store with computers or data- 
handling systems. Fig. 1 shows the general arrangement. 
A 400 ft length of tape, consisting of 35mm film coated 
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with magnetic oxide is held in two narrow containers, 
whose tops are shown at TC. The tape passes between 
the containers across the sixteen-track recording and 
reproducing head, h, which is ‘potted’ to ensure mechani- 
cal stability, and two capstans C, which rotate con- 
tinously in opposite directions. The tape can be driven 
in either direction by pressing it into contact with the 

appropriate capstan by means 

of pinch-rollers operated by 

the solenoids S. A means is 


CAPSTAN provided for winding the tape 


TAPE_REEL — . 
on a spool when it is required 


to remove it from the equip- 
ment. 

A series of tests were carried 
out on an experimental model 
of the equipment in order to 

3 improve the reliability and the 
life of the tape. The state of 
the magnetic coating of the 
tape was found to be among 

G) the most important factors 
determining the reliability. It 
must be free from pin-holes 
and non-magnetic regions, and 
also from lumps of magnetic 
oxide or other material which 
may cause the tape to lose contact with the head. It is 
also important that the tape shall be free from loose 
oxide powder, which would accumulate on the head face 
and eventually cause loss of signal. 














1 Layout of tape drive mechanism 
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Damping block P Head mounting-plate. 
Capstan. PC Photocell. 
Removable plate. S_ Solenoid. 

Head. T Tape container. 
Lamp. 





Fig. 2 shows the method that has been used to remove 
loose oxide. The tape is drawn through a bath B, 
containing a liquid polishing compound, over a rotating 
cloth polishing bob C, and through a tank F, where it 
is rinsed by a jet of hexane G. In addition to preventing 
the accumulation of loose oxide this treatment tends to 
level projections on the surface, and improves the signal 
level by allowing more intimate contact between the tape 
and the head. 

Another important factor in reliability is dust, which 
causes sporadic loss of signal by coming between the 
tape and the head. In order to reduce this trouble the 
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equipment is enclosed, and means are provided to 
extract dust generated in its operation. 

The experiments resulted in a system giving a reliable 
life of about 300000 passes of the tape over the head 






































2 Tape polishing equipment 


Spool holding unpolished tape. 
Bath containing polishing compound. 
Cloth polishing bob. 

Dust extractor. 

Guide roller. 

Tank for rinsing tape. 

Jet of hexane. 

Filter for hexane. 

Tape-drive roller. 

Spool holding polished tape. 
Blade for dressing polishing bob. 
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under conditions which gave in the same time 100000 
Teversals of tape direction occurring at certain points on 
the tape. 621.374.32 : 621.395.625.3 : 681.142 


Digital Circuit Technique 


Paper No. 2112 entitled ‘A New and Simple Type of 
Digital Circuit Technique using Junction Transistors and 
Magnetic Cores’, by G. H. Perry, G. R. Hoffman, Ph.D., 
and E. W. Shallow, Graduate. 


THE OBJECT OF THE CIRCUIT TECHNIQUES DESCRIBED IN 
the paper is to reduce digital circuits to extremely simple 
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forms, and at the same time to improve reliability. 
Digital circuits are essentially a combination of memo- 
ries, gates and amplifiers. In the basic brick for these 
new circuits, shown in Fig. l(a), the memory is a 2mm 
ferrite ring core with rectangular hysteresis characteris- 
tics, idealized in Fig. 1(b), the two well-defined states 
of remanence representing the binary ‘l’ and ‘0’. The 
gate and amplifier are a p-n-p junction transistor coupled 
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1 Core-transistor combination 


(a) Circuit. (5) Idealized B/H curve for ferrite cores. (c) Relay 
analogy of transistor switch. 
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2 Six-stage binary counter 


by a winding between the base and the emitter. Under 
these conditions the transistor operates as a switch 
similar to the relay circuit of Fig. 1(c); the switch closes 
only when the flux change in the core is in a direction 
which makes the base negative with respect to the emitter. 
The current controlled by this switch can now be used 
to switch other cores to the ‘0’ or ‘1’ states. 

By the combination of these basic bricks a whole 
series of economical shift registers, pulse separators, 
counters, etc., can be designed. An example of a six- 
stage binary counter is shown in Fig. 2. By the use of a 
small d.c. bias to maintain the base positive with respect 
to the emitter, this simple circuit will operate at a digit 
rate of several hundred thousand per second, and at 
temperatures of up to 100°C. 

This circuit technique is very economical in power 
consumption particularly at low pulse repetition fre- 
quencies and where long periods of quiescence occur, 
since power is required only to change the state of the 
core. An example of this economy is a data-transmission 
machine that requires a total power of only 150mW, 
whereas the valve equipment that it replaced consumed 
500 watts; at the same time the new technique achieved 
a saving of at least 100/1 in volume. 621.374.32: 681.142 


Delay Networks 


Paper No. 2055 entitled ‘Electromagnetic Delay Networks 
for Digital Storage’, by G. G. Scarrott, Associate Member, 
W. J. Harwood, B.E., and K. C. Johnson, M.A. 


ELECTROMAGNETIC DELAY SYSTEMS FIND MANY USES IN 
electronic engineering both for digital storage in compu- 
ters and the delay of analogue signals in, for example, 
television. However, it is well known that, without great 
difficulty, neither the continuously wound nor the lumped- 


616 


Crown Copyright Reserved 


constant type of conventional delay 
line can be made to give sufficient 
resolution to hold more than perhaps 
fifteen distinguishable pulses. 

The authors describe a method of 
design for lattice-type delay networks, 
depending on the Fourier transform of 
the required pulse response, which 
enables a network to be designed to 
have an output of the optimum form. 
The diagram shows networks equivalent 
to short-circuit and open-circuit delay- 
line sections respectively. These are 
both of length (there and back) 1/2f and 
impedance 1/8/C (where / is the 
frequency and C the capacitance), and 
can be approximately matched by 
resistances of this value connected 
across PQ and RS. One of each type 
of network can be used, with a valve for 
inversion, to give a delay system with 
both the input and output single-ended. Thus the usual 
disadvantage of the lattice arrangement can be overcome, 
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Lattice-type delay networks 





A practical design is outlined for a network with a 
delay of 54microsec and sufficient resolution to hold 
27 separate digits. This uses no more than 36 inductances 
and gives an output of about 30 volts for an input 
causing a 6mA change of current in a valve. The system 
could be made linear without great difficulty, but is 
described in the paper with particular reference to 
digital storage in a computer. A similar arrangement has 
been made to store 40 digits; there is no reason to think 
this number cannot be increased further though it would 
probably be uneconomic. 621.374.5 : 621.374.32 : 681.142 
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Quiescent Core-Transistor Counters 


Paper No. 2122 with the above title by G. R. Hoffman, 
Ph.D., B.Sc., and M. A. Maclean, M.Sc. 


MAGNETIC CORES WITH SQUARE HYSTERESIS LOOPS HAVE 
found wide use as storage devices, and recently their 
ability to perform the logical operations required in 
computers has been exploited. 

In the counters described in the paper, the ability of 
the core to store and discriminate has been used 
(together with junction transistors as pulse-shaping 
amplifiers) in order to make circuits which are simple 
and have very low power consumption. 

Figs. 1 and 2 show one of the circuits and its idealized 
waveforms. By means of the network C, R,, Ro, the 
input current, which is a unidirectional pulse, is con- 
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1 Circuit of the core-transistor counter 
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2 Idealized waveforms 


(a) Input current. (6) Current in winding. (c) Collector current. 
(d) Magnetic flux in core. 
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verted into two successive pulses of opposite polarity 
which pass through winding a. The first of these pulses 
changes flux in the core in such a direction as to turn the 
transistor on. The collector current, passing through the 
feedback windings 6 and c, maintains the change of 
flux and masks the second pulse in winding a. When the 
next input pulse appears, the first pulse in winding a 
produces no change of flux and the second switches the 
core back to its initial state. 

A feature of the circuits described is that they use the 
minimum number of components consistent with 
reliability. The highest input pulse rate is limited by 
available transistors to about 2 x 10° pulses/sec. 

621.374.32 : 621.314.7 : 621.318.042 


Acoustic Delay Lines 


Paper No. 2027 entitled ‘Wire-Type Acoustic Delay Lines 
for Digital Storage’, by G. G. Scarrott, Associate Member, 
and R. Naylor, M.Sc., Graduate. 


THE USE OF DELAY LINES EXPLOITING LONGITUDINAL 
stress waves in wire is well known. The digital storage 
capacity of such lines (delay time divided by resolution 
time) is limited by dispersion effects which arise when a 
coil of wire of reasonable thickness is used as the 
transmission medium. 

These difficulties can be overcome by the use of 
torsional waves in a coil of naturally straight wire, and 
it is possible to make cheap and robust delay lines with 
delays of up to 4millisec and a resolution time of 
2 microsec. 

Fig. 1 shows two delay lines, mounted one above the 
other, each capable of storing 2000 binary digits at 
500 kc/s. The delay medium is 0-028-inch-diameter 





1 Acoustic delay lines 
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straightened wire, chosen for its low loss and small 
temperature coefficient of time delay (approximately 
—(10 x 10~-5)/°C, compared with +(150 x 10~°)/°C for 
nickel). 

Fig. 2 shows an exploded view of one of the transducer 
assemblies used to launch and detect the torsional waves. 


Damping 
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magnet 
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Torsional 
wove in 
wire 





' i} 
Transducer —__ | 
coils - ‘ 
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2 Exploded view of a transducer assembly 


The permanent magnet produces a biasing field in the 
same direction in each of the nickel tapes, but the 
magnetic fields from the transducer coils are arranged to 
be in opposite directions, so that when current passes 
through the transducer coils the field increases inside one 
coil and decreases inside the other. Thus, longitudinal 
compression and rarefaction waves are launched in the 
nickel tapes by the magnetostriction effect. 

The waves travelling in the forward direction produce 
the torsion wave in the wire by a rolling action, while 
those in the backward direction are absorbed by damping. 
At the receiver end, a similar arrangement operates in 
reverse and provides the output signal. 

In the appendices the authors give the mathematical 
treatment of various forms of dispersion for both 
longitudinal and torsional waves. 

621.374.32 : 621.374.5 : 681.142 


A Decimal Addition-Subtraction Unit 


Paper No. 2160 with the above title by M. W. Allen, B.E., 
Associate Member. 


IN DECIMAL COMPUTING MACHINES IT IS USUAL TO REPRE- 
sent each decimal digit as a group of four binary digits, 
and thus retain some of the circuit simplicity of the 
binary code. The paper deals with a code in which the 
place values of the bits are 1 1 25 instead of the more 
usual weights of 1 2 4 8. The unit discussed is of the form 
shown in the diagram. It has been designed for use in a 
decimal digital differential analyser. 

The first part deals with the logic of the code. Digit 
addition is carried out in two steps—in the first the logic 
is similar to binary addition, and in the second a cor- 
rection is applied to the results whenever a carry passes 
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from the 2 to the 5 position during the first step. This 
correction is simply a reduction of the result by one, 


A 8 
or, 





COMPLEMENT 







DIGIT ADDITION 








aa) 
RESULT 
ate 


Block schematic of unit for performing the operation A + B 








Separate circuits are used for carry addition and 
complement. 

The second part of the paper discusses the design of 
the transistor circuits used. A simple procedure is given 
for the design of junction transistor flip-flops, which are 
used for storage and for driving the diode gating net- 
works. The simplification results from the fact that the 
‘on’ transistor is isolated from the cross-over network by 
a diode which permits the ‘on’ state operating point to be 
defined by a fixed base current. 621.374.32 : 681.142 : 518.5 


Tagged Numbers 


Paper No. 2135 entitled ‘An Automatic Floating-Address 
Machine’, by E. A. Newman, B.Sc., A.Inst.P., Associate 
Member, and M. A. Wright, B.Sc.(Eng.), Graduate. 


BEFORE A COMPLICATED CALCULATION CAN BE DONE ON AN 
electronic digital computer it has to be broken into a 
large number of small steps. The computer is made to 
follow these steps by a programme of instructions. In 
operation a computer must select various numbers from 
its store, and in all existing computers these are selected 
according to their locations within the store. It is as 
though, given on a piece of paper the values of a series 
of parameters such as V;, Eo, J, or 6,, one had to refer 
to them by their position on the paper and not by their 
name. In a new machine, known as T.A.C.T., every 
number has its name attached to it as a ‘tag’, and is 
selected by its tag. A trick sometimes used on machines, 
since it tends to make them cheaper, is to divide the 
storage into two—a smaller part from which numbers 
can be selected quickly, and a larger part to which access 
is slow. The idea is to put any group of numbers in active 
use in the quick-access store, so as to gain speed. This 
puts a burden on the programmer, who has to arrange 
to interchange numbers between the two halves of the 
store as necessary. In T.A.C.T. this interchange operation 
is carried out automatically. The machine uses a three- 

address code, and its main store is a magnetic drum. 
The techniques used for selecting tags, and for giving 
automatic interchange, are simple and of wide application. 
681.142 
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APPEARANCE DESIGN 


By SIR GORDON RUSSELL, c.B.£., M.c. 


After the Annual General Meeting of The Institution on the 
17th May 1956, an address was given by Sir Gordon Russell, 
who, as many readers will know, is Director of the Council of 
Industrial Design. A shortened form of the address, together 
with reproductions of a few of the lantern slides shown by 
Sir Gordon, appears below. 





DO not agree with the expression ‘Appearance Design’, 

because it implies that one designer deals with the bones 

of a thing and another designer deals with the external 
appearance. I think that some present-day American design is 
as bad as it is because of that conception. The American 
motor-car, for example, is a very efficient tool, but nobody 
could say that it is well designed. I have always felt that the 
ultimate shape of a thing and what it looks like are profoundly 
affected by the way people start to think about it at its very 
beginning. This was brought home to me some twenty years 
ago when I was with a firm making cabinets for radio manu- 
facturers. My firm made something like 100000 cabinets a 
year, and we found that we could not produce a really good 
cabinet unless we were working with the engineers from the 
start. The minute you get the tools made, the chassis cannot 
be altered, and you have to put whatever goes outside round 
it as best you can. Before tooling up, it is often possible to 
make slight variations in the positions of knobs and in the 
shape of certain components without increasing the cost at all. 

Therefore, I think that we cannot really separate to-day 
what are regarded as the engineering part of the design and 
the appearance design. I believe that the best designs come 
from engineers who have had some aesthetic training. 

In the eighteenth and early nineteenth centuries, the first 
British engineers were brought up in a country where the 
buildings themselves were good. The standard of design in 
building was very high, and towns were, on the whole, good 
places to live in. Therefore, the engineer naturally produced, 
in most early engineering designs, things that were fine in 
themselves, particularly, I think, where they had no proto- 
types—e.g. locomotives. The railway carriage itself followed 
the tradition of the stage coach, and the early railway train 
was really a chain of stage coaches on rails. The idea of arti- 
culating the train and linking it up by a corridor did not come 
until much later. For the locomotive, however, there had to 
be original thinking, and that nearly always is a good thing. 

To-day we have the unfortunate situation that the engineer- 
ing student is generally trained in an industrial town where 
probably there are few buildings that are worth retaining for 
the quality of their design. Therefore, there must be some way 
of training the student in the importance of design. I am told 
that you cannot crowd up his curriculum with any more 
subjects. This question of aesthetic appreciation and a rather 
wider appreciation than the student’s immediate technical 
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qualifications demand is very important, and for that reason 
I think that canteens, hostels, rest rooms and anywhere 
where the student is trained, should be most carefully designed ; 
because I feel that such buildings can influence the student 
for good at a very impressionable age without packing his 
curriculum any more by telling him about design. It is, on the 
whole, much more convincing to show people things than to 
explain them. 

What I should really like to see is every engineer having 
some kind of aesthetic training so that he has a feeling for 
colour, for pattern, for texture, for the quality of lettering 
and for many such things which come into practically every 
engineering design. That may not be a possibility, but it is 
possible to let an industrial designer work with the engineer 
from the very early stages of a project. I have known very 
good results to come by that means. 

In this subject human relationships are extremely important. 
We, in the Council of Industrial Design, in recommending 
designers to particular firms have always made it a rule to 
try to see something of the firm—to meet the Directors if we 
can, and to see what sort of works the firm has—before we 
recommend somebody. If we recommend a man who is not 
temperamentally adjusted to the firm, there will be trouble. 
It is very easy for a designer, particularly for a young 
inexperienced one, to start talking when he had much better 
be hearing about the problem from the people concerned. 

I think you have to remember that, in the conditions of 
to-day, very often 90% of a consultant’s time is taken in 
persuading Boards of Directors that it is worth designing at 
all. My own feeling is that you cannot get a design right by 
teaming a good designer with the engineer, with the works 
manager, the sales manager and other people, unless you 
have somebody on the Board who is critical enough to know 
whether that man is going down the right road or whether 
he is not. You get good design, as you get good architecture, 
by having a good patron as well as a good architect. This is 
very often forgotten. People tend to imagine that you can 
put a design right overnight by importing somebody with a 
well-known name. The difficulty to-day is that the patron is 
so often a committee, who will not criticize constructively or 
encourage the designer. 

Another thing about which I feel very strongly is the fact 
that it is often possible to say who is the industrial designer 
of some apparatus, but it is most difficult to get engineering 
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firms to say who is the engineer who designed it. That is our 
experience in the Council of Industrial Design. Very often, it is 
true, firms cannot do so because a team of engineers has been 
responsible. Nevertheless, to my mind there is something 
unreasonable about giving the name of the industrial designer 
but not mentioning the name of the man or men who are the 
real designers. Recently a firm, having hired a well-known 
industrial designer for a radio cabinet, advertised that their 
latest television set was designed by that man. Of course, he 
had nothing to do with the design of the set as such; he was 
responsible for the design of the cabinet, which is an important 
thing, but is not the whole job. Looking at the whole job is 
indeed essential if industrial design is to improve. 

I think there is a feeling that good visual design is much 
more important in consumer goods than it is in heavy 
industry. I do not agree with this. In heavy industry there are 
many examples of large groups of machines that could be 
immensely improved by some co-ordinated thinking about 
the components that are used with them. Very often the 
meters, gauges and other things which are used are made by 
different firms whose design policies are quite obviously 
remotely apart—sometimes two or three generations apart. 
A few years ago I was most impressed while looking at the 
Tennessee Valley Authority’s project to see the very high 
standard that the Authority reached in its power stations 
there. The Authority arranged for the engineer, the architect, 
the industrial designer, the landscape architect and the 
interior decorator to work in the same building. All those 
people used to walk in and out of each other’s rooms and 
became very much aware of each other’s problems. The result 
was that the general layout, the colour, the tidiness and the 
planning of the surroundings of the whole of those great 
stations was very remarkable indeed. I have not seen anything 
quite like it in this country. The awful thing that happens to 
so many of our power stations is that an architect is called 
in to ‘doll up’ the work of the engineer, and as a rule that 
means putting bricks upright instead of in the ordinary way 


in the chimney. I do not want to see bricks put upright; 
I think they are made to lie the proper way, especially in 
chimneys. I would much rather have a power station straight- 
forward engineering work than have it a sort of half-breed, 
as most of our stations seem to me to be. That is all the more 
important, I think, when they are in the wrong place. 

I hope that you will agree with me on this question of heavy 
engineering. I feel that it is very commonly held that if a 
wonderful piece of very large-scale electrical equipment does 
its job perfectly, that is enough. I do not think so. To do its 
job perfectly it ought to be absolutely as efficient as we can 
make it, but also there is every reason for having it a thun- 
deringly good colour and having all the details of it right. 

I went to see Lord Citrine to tell him what I thought was 
happening in the United States and that I considered we had 
a lot to learn from them about power stations. He told me to 
go and have a look at one or two power stations here. As a 
result of this, we had some discussions in the Council of 
Industrial Design about the colour of a power station. We 
recommended a man who is a very good colourist to give 
some advice. As far as I remember, the colour in the main 
machinery hall was to have a good deal of blue in it, and the 
generators were to be painted yellow. Yellow, according to 
the engineers, was a colour that had never been used for 
generators; nobody quite knew why, but they said that it 
never had been. So they would paint them blue. I said that they 
could not do that—it was no good having advice on colour 
and then putting it all out of scale by painting too much blue. 

In many factories to-day colour serves a very useful pur- 
pose. Certainly in American factories the idea of having 
highly dangerous and fast-moving parts of machines coloured 
so that they can be quickly recognized is more successful than 
having a great many notices and warnings which people very 
often do not read. These colours not only serve a purpose 
themselves, but they make the servicing of pipes and other 
things much simpler, and they can be made to add enormously 
to the attractiveness and interest of the factory as a whole. 


Notes on the Illustrations by Sir Gordon Russell 


1 This train is a very good piece of engineering design. It is some- 
thing that we can be proud of. It is quite unlike anything that 
existed 150 years ago (page 6/9). 


2 This cooker was designed by a Swedish engineer originally. 
As you know, coal has always been very difficult to get in Sweden 
and very expensive, and so they have always been in the position in 
which we now find ourselves in Britain. I think that this is not only a 
radical alteration in design for the sake of efficiency, but also a 
most pleasant piece of design. The hinges become quite simple 
cast-on lugs. There is a good lug for opening the door, which is 
thoroughly insulated, so that it is never too hot. There has been 
no attempt to make a symmetrical arrangement at the front, where 
it was realized that the two ovens would be the two largest apertures. 
The whole thing is a very seemly and orderly piece of design which 
would look well in almost any room. 


3 This is a straightforward piece of engineering work which seems 
to me to be quite excellent of its kind. 


4 This radio set is a job which has to be designed by an engineer 
who knows the problems of making moulds and how economies 
can be brought in. I think this example shows that somebody who 
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is sensitive to the problems can produce a thing that is quite 
excellent of its kind, and incidentally is not expensive. The set has 
no back or front; it looks equally attractive and can be operated 
with the same ease from either side. 


5 I think this is one of the most remarkable aberrations of the 
engineer in this century; fortunately it was withdrawn. It has a 
half-timbered interior and the exterior is half timbered and half 
brickwork. Fortunately, this was an example where the Council 
of Industrial Design came into the closest league with business men 
from Sheffield, which I confess with sorrow does not often happen. 
The fact was that in going to Sheffield they had to sit with their 
backs to the wall on only one side of a table, so that they could not 
talk to anyone or see out of the window, and it was this practical 
aspect which to a large extent wrecked the tavern car. (I think the 
business men probably rather liked the design of it.) It was an extra- 
ordinary example of how not to do something. 


6 None of us would like to see the Tower Bridge removed, but it 
is an extraordinary structure. It is a piece of mixed engineering 
monumental design—I suppose based on a Scottish castle. This 
mixture is somewhat incongruous: no wonder the White Tower 
in the background looks a trifle surprised. 


JOURNAL I.E.E. 
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TECHNICAL PUBLICATIONS 








BRITISH STANDARDS 


The Secretary has been asked to draw attention to the follow- 
ing publications, copies of which can be obtained from the 
British Standards Institution, 2 Park Street, London, W.1. 
The prices given are post free. 


Varnished Cotton Cloth Sheet and Tape for Electrical Purposes 
(B.S. 419: 1956). 5s. 

This revised edition refers to yellow and black varnished 
woven cotton cloth coated on both sides, in the form of sheet 
and tape of thicknesses up to 10 mils and widths of approxi- 
mately 36 inches for sheet and up to 4 inches for tape. 

The requirements for black and yellow varnished cloths are 
no longer given in separate sections of the Standard. Instead, 
separate limits are given for cloths of the two colours in the 
clauses in which the specified performances are different. 

The test for determination of electric strength of tapes under 
mechanical tension has been modified, and a test for extensi- 
bility of bias-cut tape has been added. In the tests for ageing, 
which are now extended to include ageing in oil, the criterion 
is no longer bursting strength but tearing strength. 


Wire-Armoured Paper-Insulated Cables for Use in Mines 
(B.S. 760: 1956). 5s. 

All cables made to B.S. 760 are now required to be of the 
non-draining type and the range has been extended to include 
11kV screened cables. Alternative water-resisting and fire- 
resisting finishes are specified. No provision is made for 
aluminium sheaths or tape armour. 


Automobile Filament Lamps (B.S. 941: 1956). 7s. 6D. 


In the new edition of B.S. 941 a set of ten schedules giving 
the main dimensions, cap designation, initial readings and life 
performance for the complete range of lamps used with 6-volt, 
12-volt and 24-volt electrical equipment has been added, but 
lamps with British prefocus caps are not included. The 
Standard covers definitions, general requirements, market 
selection, selection of lamps for test, conditions of test, and 
rejection. 


Safety Requirements for Electric Fires (B.S. 1670: 1956). 

3s. 6D. 

This revision of B.S. 1670: 1951 has been made with the object 
of ensuring that the requirements for the fireguards are in 
line with B.S. 1945: 1953 ‘Fireguards for Heating Appliances’ 
and its 1956 supplement. The clauses dealing with guards 
are now included in an appendix and cross reference is made 
to B.S. 1945. No important technical alterations have been 
included. 


Thin Vulcanized Fibre Sheets (Including Leatheroid), for 
Electrical Purposes (B.S. 2768: 1956). 4s. 


This Standard specifies requirements for vulcanized fibre sheet 
less than +s inch thick, and is complementary to B.S. 216 
“Vulcanized Fibre Sheets (Natural Colour) for Electrical 
Purposes’ which applies to sheets 4-1 inch thick. 
Tolerances on thicknesses are specified in the Standard; 
and methods of test are given for moisture content, density, 
electric strength, tensile strength, shear strength, flexibility, 
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chloride and sulphate content and for freedom from con- 
ducting paths. 


Electrical Equipment of Machine Tools (B.S. 2771: 1956). 5s. 


This Standard deals with control apparatus, motors, wiring 
and related accessories, which are furnished as parts of a 
machine tool. Its application will ensure the safety of person- 
nel, uninterrupted production, and adequate length of service 
of the equipment. 

The many and varied existing requirements directly affecting 
machine tools have been brought together. There will no 
longer be a need for numerous domestic specifications pre- 
pared by individual users. 


B.S.I. Annual Report, 1955-56. 5s. 


The report’s 260 pages reflect industry’s continually growing 
support for the B.S.I.’s varied work. During the year nearly 
4000 meetings of technical committees resulted in the publica- 
tion of 200 new Standards, which affect almost every aspect 
of industrial production from steel plate to school furniture, 
from electric blankets to aluminium ingots, from shoe laces to 
scalpels. Sales of Standards reached the new high level of 
943 000—a quarter of these being sold abroad. 

The body of the report contains a detailed review of the 
projects completed and in hand in the B.S.I.’s four main 
divisions—building, chemical, engineering, and textiles—and 
the work carried out under the Council for Codes of Practice. 

Much work was done on the international unification of 
engineering standards, part of which dealt with the classifica- 
tion of insulating materials, discussions on the unification of 
screw threads, and recommendations on ball and roller bear- 
ings. In the electrical engineering section the report describes 
preparations which are being made for a Commonwealth 
conference on the alignment of standards, to be held in Delhi 
early in 1957. The programme will include meetings on safety 
requirements for domestic electrical appliances and standards 
for electric cables. 


A NEW ELECTRICAL MONTHLY 


The first number of Electrical Energy, a new British monthly 
periodical covering electrical engineering, appeared in 
September. The publishers describe it as a new monthly 
technical journal designed for the professional electrical 
engineer engaged in research, development, design and 
manufacture. They state that it will include technical articles 
on all aspects of electrical engineering, including nuclear 
power generation, automation, and electric traction, marine 
and aeronautical applications. The emphasis will be on new 
techniques and developments. 

As a generalization, Electrical Energy is likely to appeal to 
the electrical engineer whose interests lie in supply, utilization, 
instrumentation or control rather than in radio and communi- 
cation. The first number contains, inter alia, authoritative 
articles on Precision Control of Shaft Speed, Magnetic 
Amplifiers, The Solution of Electric Field Problems using a 
Digital Computer, and Excitation Control for Large Synchro- 
nous Machines; book reviews; a section on new electrical 
equipment; and ‘Notes and News’. Electrical Energy is 
published by Morgan Brothers (Publishers) Ltd., 28, Essex 
Street, Strand, W.C.2, price 3s. per issue. 


JouRNAL I.E.E. 
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INDUSTRIAL SUMMER 
SCHOOLS 


A Recent Example at Rugby 


meri large firms in the electrical manufacturing 
industry now hold Summer Schools, which are intended 
for professors and senior lecturers in engineering from 
universities and leading technical colleges, and which normally 
take place in the early part of the universities’ long vacation. 
They provide excellent opportunities for professional electrical 
engineers engaged in teaching to meet their industrial col- 
leagues and discuss problems which concern them both. 
Such problems are normally educational and technical, the 
division of a course’s time between the two varying with the 
emphasis that a particular firm desires. 

In July 1956 the British Thomson-Houston Co. held its 
third Summer School of this type at Rugby, the previous ones 
being in 1948 and 1952. In the B.T.H. Summer Schools, a 
course of lectures and demonstrations is given by engineers 
on the staff of the company and the emphasis of these is on 
advanced techniques; they form in fact a short post-graduate 
course covering a wide range of aspects of electrical engi- 
neering, though technical education as a subject for discussion 
is not forgotten. Many discussions, both planned and informal, 
are a lively activity of the school. Possibly ‘post-graduate 
course’ is a misnomer, since the company is careful to 
emphasize that it is trying not to teach anything formally to 
those attending the school, but to show them a liitle of its 
current work. 

There were some 40 members at this year’s school, held from 
Monday 16th July to Friday 20th July, who were drawn 
from universities and technical colleges all over the United 
Kingdom. They were welcomed on the Monday afternoon by 
Mr. E. H. Ball, the Managing Director of the company, who 
also delivered the opening address in the unfortunate absence 
of Lord Chandos, who was convalescing from an illness. In 
this address Mr. Ball drew attention to the increasing size and 
diversity of the work of the electrical industry, and explained 


Members of the school examining stators at the Birmingham 
works of the B.T.H. Co. 
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A demonstration of electronic equipment 





his company’s policy of decentralization to obtain the labour 
needed. He stressed the importance the company attached 
to the new works-based sandwich courses as a source of 
professional engineers. He appealed to university teachers 
to bring home to their graduates the importance of their 
obtaining practical training by apprenticeship in industry. 

Mr. L. J. Davies, Director of Research and of Education 
and Training in the company, introduced the programme for 
the school, in particular explaining that some short lectures 
would be given by holders of B.T.H. engineering fellowships. 
These fellowships, a recent innovation in the company’s 
system of training, are awarded to outstanding young engi- 
neers who have completed their practical training and allow 
them to make special long-term investigations for various 
departments of the works. He was followed by Professor 
Moullin, who recalled the first industrial Summer School 
which he had attended 30 years ago. Professor Moullin 
stressed his belief in the value of post-graduate courses being 
held in engineering works, and he suggested some educational 
topics for discussion during the week. 

Later on the Monday afternoon the school’s Inaugural 
Lecture was given by Dr. K. J. R. Wilkinson, who chose as 
his subject ‘The University Education of the Electrical 
Engineer’; he made a powerful plea for the teaching of more 
engineering physics at the expense of engineering technology 
in university courses. 

The activities for Tuesday, the first full day of the school, 
consisted of technical lectures on diverse subjects by five 
holders of the company’s engineering fellowships, followed 
by visits in the afternoon to the Research Laboratory and 
Electronic Engineering Department of the company, where 
demonstrations were specially arranged for the school. 
Wednesday’s programme was on somewhat the same lines as 
Tuesday’s, with five short lectures in the morning by more 
senior engineers on aspects of automatic production and of 
commutation, and a tour in the afternoon of the company’s 
Birmingham works, where machines of 1-5Oh.p. are made. 
A most enjoyable feature of the week was the visit to the 
Stratford Memorial Theatre on the Wednesday evening to 
see a first-class performance of Othello. 

Three lectures on problems associated with machines began 
the programme on the next day and in the second half of the 
morning Mr. L. J. Davies introduced a subject in which 
everyone present was directly interested—technical education. 
This gave rise to a keen discussion, which included a lecture 
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Dr. R. Dunsmuir demonstrates a magnetron in the research 
laboratory to Dr. P. F. Soper, Dr. J. C. West, Mr. M. W. 
Humphrey Davies, Mr. A. Draper, Dr. P. C. McNeill (who 
lectured to the school on magnetron cathodes) and Professor 


J. Greig 


on the training of technical apprentices. The discussion was 
continued in the afternoon, under the chairmanship of 
Mr. G. S. C. Lucas, at Coton House, the hostel near Rugby 
for apprentices of the company. 

On the final day of the school, some aspects of the com- 
pany’s work on two swiftly developing subjects of much 
current interest were described in some short lectures on 
nuclear energy and on semi-conductors. Members of the 
school also visited the Rugby College of Technology and 
Arts, by kind permission of the Principal, Mr. W. Cooper; 
an interesting development is that the College is building 
hostels for those taking sandwich courses, so that courses at 
the College will not be open only to boys who live in the 
Rugby district. 

Summer Schools such as the one briefly described here are 
both useful and enjoyable events. Those from the universities 





and colleges come to learn rather than instruct, but engineers 
on both sides of the profession cannot fail to gain from the 
numerous informal discussions—perhaps the most valuable 
feature of this type of Summer School. 





MONOGRAPHS AND PAPERS 
published individually this month 


MONOGRAPHS 


Radio Propagation over a Discontinuity in the Earth’s Electrical 
Properties: II Coastal Refraction 


MONOGRAPH No. 201 R 
T. B. A. SENIOR, M.Sc., Ph.D. 


The paper presents merely one aspect of the general problem 
of propagation over a coastline, but special consideration is 
given to it since it differs from other effects in being present 
only at oblique incidence. By adopting a model for the coastal 
region, the analysis given in Part I may be used to provide 
expressions for the angle of refraction appropriate to various 
positions of the transmitter and receiver relative to the coast. 
It is shown that the onset of the refraction occurs abruptly 


at the coastline, the theory suggesting that the direction of 


propagation is initially turned through an angle 7/2. Within 
a wavelength of the coast, however, the refraction depends 
critically upon the way in which it is defined, and expressions 
which are equivalent at larger distances here lead to widely 
differing values. 


Strain-Energy Calculations in the Design of Cat’s-Whiskers 
for Semi-conductor Devices 


MONOGRAPH No. 202 R 
S. J. MORRISON, B.Sc. 


Strain-energy methods have been used to study the mechanical 
behaviour of cat’s-whiskers in semi-conductor devices, and the 
condition for zero transverse contact pressure has been 


L 
expressed in the form [ > dl = 0, where x and y are para- 
0 
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Synopses of monographs and papers published individually before the 
next issue of the Journal are given below, and, unless otherwise stated, 
their dates of publication are this month. Reprints of all papers are 
available about two months after publication in the Proceedings. The 
prices shown below are post free. When ordering please quote serial 
number of paper or monograph. Books of 8 vouchers may be obtained 
from the Secretary, price 10s. each. 
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meters which define the shape of the whisker, Z is the length 
of the whisker and J is the moment of inertia of the whisker 
cross-section. For wire whiskers this is equivalent to 


L 
( xydl = 0. The theory is perfectly general, and can be 


JO 
applied to whiskers of any shape. Formulae have been 


derived for calculating components of pressure and deflection 
parallel with and normal to the crystal face. Experiments on 
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large-scale whisker models have shown close agreement with 
the theory. 


The Calculation of Cyclic Rating Factors for Cabies laid direct 
or in Ducts 

MoNOGRAPH No. 203 S 

H. GOLDENBERG, M.Sc. 


A simple method is presented for the rapid calculation of 
cyclic rating factors for cables laid direct in the ground and 
cables in ducts. The method may be applied without difficulty 
even for complicated load curves, but for single peaked load 
curves the calculation is especially simple. Tables of relevant 
functions are included, as are additional tables of parameters 
for cables conforming to B.S. 480: 1954. Examples are given 
illustrating the ease and speed of the proposed method 
together with the variation of cyclic rating factors with soil 
thermal constants. 


The Production of 2 Sinusoidal Flux-Wave with particular 
reference to the Inductor Alternator 


MONOGRAPH No. 2048S 
N. N. HANCOCK, B.Sc.(Eng.), M.Sc.Tech. 


After a brief reference to the impossibility of producing a 
sinusoidal flux-wave with the more common forms of syn- 
chronous generator, the paper deals with the conditions 
necessary for a sinusoidal fiux-variation in inductor-type 
alternators. 


Properties of Synthetic Quartz Oscillator Crystals 
MONOGRAPH No. 205 R 
C. S. BROWN, B.Sc., and L. A. THOMAS, B.Sc. 


A process for the growing of quartz crystals artificially is 
briefly described. This so-called synthetic quartz, which is 
being grown reproducibly as well-formed crystals weighing 
about 135 grams, possesses electrical and mechanical pro- 
perties which closely follow those of the natural Brazilian 
quartz commonly used for piezo-electric purposes. The high 
quality of synthetic quartz, its freedom from twinning and 
other faults, and its regular shape and size, make it a con- 
venient material to handle with the minimum of wastage. 


PAPERS 


A Deep Electrolytic Tank for the Solution of 2- and 3-Dimen- 
sional Field Problems in Engineering 


Paper No. 2179 M; Part A 


E. R. HARTILL, B.Sc.(Eng.), J. G. McQUEEN, and 
P. N. ROBSON, B.A. 


The electrolytic tank is playing an increasing part in 
electrical engineering design departments, particularly for the 
analogous solution of 2-dimensional field problems. The paper 
describes the design, construction and operation of a general- 
purpose deep tank for solving both 2- and 3-dimensional 
problems. Details are also given of the precision electronic 
potential and gradient measuring equipment, together with 
an assessment of the accuracy achieved and the precautions 
required. 

The use of the tank is illustrated by a few typical applica- 
tions which have been studied by the computation group 
within a large electrical-engineering organization. 

Due for reading in the second half of the Session. 
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A Method for the Precise Measurement of Permittivity of 
Sheet Specimens 


PAPER No. 2208 M; Part B 
A. C. LYNCH, M.A., B.Sc. 


A specimen, not itself carrying electrodes, is inserted loosely 
in a prefabricated electrode assembly and the capacitance is 
measured. The specimen is then removed and the electrode 
separation reduced until the system has the same capacitance 
as before. The permittivity can then be calculated without 
knowledge of the electrode area or of the calibration of any 
capacitors. The precision of the method is limited only by the 
difficulty of measuring the thickness of the specimen, and 
errors may be as low as | in 1 000. For measurement of power 
factor this method is less sensitive than others, but it is free 
from uncertainty about effects introduced by electrodes. It can 
be used at frequencies up to about 1 Mc/s, and being quick 
in use is suitable for routine measurements of a batch of nearly 
similar specimens. 
Due for reading in the second half of the Session. 


A Bridge Network for the Precise Measurement of Direct 
Capacitance 
Paper No. 2209 M; Part B 
A. C. LYNCH, M.A., B.Sc. 
For measurements by substitution only, the balance of a 
transformer bridge network can be made independent of 
capacitance and conductance from either terminal of the 
specimen to earth. In the network proposed both oscillator 
and detector have one terminal connected to earth. The net- 
work is particularly useful for measuring capacitances of less 
than 100j:uF in the presence of stray capacitances to earth. 
It can be used at frequencies between about 4c/s and 20 Mc/s; 
at frequencies up to about 1 Mc/s it is suitable for work of 
the highest precision. 
Due for reading in the second half of the Session. 





British Nuclear Energy Gonference : 
Forthcoming Programme 


OCTOBER 25 Thursday 
See Forthcoming Events at Savoy Place, p. 635. 


NOVEMBER 22 Thursday and 23 Friday 

A Symposium of papers on the Calder Works Nuclear Power 
Plant, which will be held at the Central Hall, Storeys Gate, 
Westminster, S.W.1, and not at The Institution of Civil 
Engineers as previously announced. Advance copies of the 
papers will be available at the beginning of November to 
members who wish to attend the meetings. The papers and 
discussions will be published in the Journal of the British Nuclear 
Energy Conference. A registration fee of £1 will be charged 
towards the cost of the advance copies. All those wishing to 
attend are requested to obtain an application form from the 
Secretary, British Nuclear Energy Conference, 1-7 Great 
George Street, London, S.W.1. 

The programme of the Symposium was published in the 
September Journal, p. 560. In Session II, on the 22nd November, 
items 8 and 9, the two metallurgical papers, are timed to begin 
at 3.30 p.m. In Session III, on the 23rd November, items 
13 and 14, the papers on steam cycle analysis and heat 
exchangers, are timed to begin at 11.15 a.m. 
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OBITUARY 


REGINALD CHARLES ATKINSON 


Reginald Charles Atkinson, who died on the 28th March 1956, 
was born on the 30th September 1884. He was educated at 
Finsbury Park College, London, Paradise House School, 
Stoke Newington, and at Dean Close School, Cheltenham. 
At the age of sixteen he began a two-year course at Finsbury 
Technical College, where he studied mainly civil and mech- 
anical engineering under Professor Silvanus P. Thompson and 
Mr. W. E. Dalby. He subsequently studied electrical subjects 
privately. He received his practical training in 1903-06 as an 
apprentice with Plenty and Son, Eagle Ironworks, Newbury, 
marine and general engineers and boilermakers. 

In 1906 he joined Siemens Brothers and Co. of Westminster, 
as a draughtsman, working on the design of metallurgical 
furnaces, and after two years with them he left to take up an 
appointment as draughtsman and assistant engineer in the 
Construction and Contract Department of the Brush Electrical 
Engineering Co. of Loughborough. His work here extended 
over designs for power stations for electric lighting and power 
schemes, and the preparation of specifications for, and the 
testing of, plant not manufactured by the company. 

In 1911-12 he held the post of assistant engineer with the 
Folkestone Electricity Supply Co. and then became Construc- 
tional Engineer and Superintendent of the Power Station 
Construction Department of the Yorkshire Electric Power Co., 
at Dewsbury. During his seven years with this company he 
was responsible for the design, construction and testing of all 
the equipment at Barugh power station, for extensions to 
Thornhill power station, and for first designs, specifications 
and estimates for a new power station at Ferrybridge. 

After the First World War he entered into the partnership 
of Thorp and Atkinson, consulting engineers, at Leeds, and 
in this capacity he carried out work on the electrification of 
factories and cotton mills, the electric lighting of estates, the 
installation of electric and oil engines, and electricity and 
water supply for the North Riding County Council. His 
private practice, however, declined owing to the slump, and 
in 1923 he joined Marconi’s Wireless Telegraph Co. as 
Contract Engineer. Here he was responsible for engineering 
contracts in connection with the Commonwealth and Empire 
short-wave-beam communication stations erected during the 
mid-twenties. His experience in connection with power-supply 
equipment was of great value, and in the latter part of his 
career he supervised many contracts for the early high-power 
broadcasting stations. He had been in retirement since 1940, 
and leaves a widow. 

Mr. Atkinson joined The Institution as an Associate 
Member in 1911 and was elected a Member in 1922. He served 
on the North Midland Centre Committee 1921-24. B. N. McL. 











KENNETH RICHARD EVANS 


Kenneth Richard Evans, 0.B.£., M.A., who died on the 
22nd March 1956, was born on the 15th August 1894. He 
was educated at Denstone College, Staffordshire, and at 
Sidney Sussex College, Cambridge. His education was inter- 
rupted by the First World War, and from 1915 to 1919 he 
served in the 19th Battalion Lancashire Fusiliers. He returned 
to Cambridge in 1919, and in the following year obtained a 
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B.A. degree in natural sciences, being awarded an M.A. 
degree ten years later. 

In 1920, being keenly interested in education, he took a 
post as technical assistant in the Education Department of the 
Metropolitan-Vickers Electrical Co. of Manchester, which 
was the start of a lifelong association with that company, 
For many years he was assistant to Dr. (later Sir) Arthur 
Fleming, Manager of the Department, and was responsible 
for the selection, training and posting to subsequent employ- 
ment of all trade, school, and college apprentices (of which 
there were approximately 1400 on the roll at any ore time) 
and for the curricula of day and evening classes in the works 
school. The company was one of the first industrial concerns 
to recruit graduates on a large scale, and Mr. Evans regularly 
visited the universities to interview undergraduates. The 
works school was recognized by the Board of Education, 
and Mr. Evans was regarded as its Principal. 

He was appointed Manager of the Education Department 
in 1945, when Sir Arthur Fleming relinquished the post. 

He was a member of the B.E.A.M.A. Education Committee 
from 1942 onwards, and of the F.B.I. Education Committee 
from 1947. He was also a Vice-Chairman of the Manchester 
Cripples’ Help Society. For his services to industrial educa- 
tion and training he was made an O.B.E. in 1952. 

Mr. Evans joined The Institution as an Associate Member 
in 1943 and was elected a Member in 1950. He served on the 
Education and Training Committee 1946-47, and on the 
Joint Committee on Practical Training 1947-55. He was also 
an Associate Member of The Institution of Mechanical 
Engineers. 


SYDNEY ELLIOT GLENDENNING 


Sydney Elliot Glendenning, pD.s.o., T.D., who died on the 
21st April 1956, was born on the 25th April 1880. He was 
educated at Paragon House School, Norwich, and received a 
year’s coaching in higher mathematics under the Headmaster, 
Dr. F. D. Wheeler. In 1897 he entered a five-year apprentice- 
ship with the firm of Laurence and Scott, of Norwich, but 
interrupted this in 1900 to attend Finsbury Technical College, 
London, as a day student in electrical engineering under 
Professor Silvanus P. Thompson, gaining the electrotechnics 
prize in both sessions. He returned to Laurence, Scott and Co. 
(as it was now called) in 1902 to complete his apprenticeship. 
He was released from his final year and appointed assistant 
to Mr. W. H. Scott, working on the design of direct 
current dynamos and motors, on special contro! gear for 
printing presses, capstans, etc., and on estimating and tech- 
nical office work generally. 

He enlisted in the Royal Engineers in September 1914, 
being finally drafted to the 207th Field Company, where he 
attained the rank of Major. Early in 1918 he was severely 
gassed but held on until he collapsed, and for this exploit 
he was awarded the D.S.O. He spent nearly two years in 
military hospitals, but never fully recovered, and was finally 
invalided out in 1919. 

In 1920-21 he was engineer in charge of the erection of 
Boulton and Paul’s new works at Norwich. He later returned 
to Laurence, Scott and Co. in charge of their new branch 
works in Carrow Road, where he remained until August 1939, 
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when he rejoined the Royal Engineers. He worked in London 
in association with the Ministry of Supply, being promoted to 
Lieutenant-Colonel in 1943. After demobilization in 1946 
he was awarded the T.D. 

Lt.-Col. Glendenning was a member of the Newcomen 
Society for the study of the history of engineering and 
technology, and was well versed in engineering history. In 
1911 he was a member of the original committee responsible, 
under the Navy League, for the training ship Lord Nelson, 
which enabled many boys in jobs without prospects to be 
trained for the Royal and Merchant Navies, particularly in 
the engineering sections. 

He was deeply interested in archaeology, and it was through 
his personal efforts that the city walls of Norwich were saved 
from destruction early in the century. The last ten years of his 
life were devoted almost entirely to archaeology, and at over 
seventy years of age he puddled clay with his bare feet to 
prove that the process was used in preparing clay lump for 


cottage building. He was a Fellow of the Society of Anti- 


quaries, a member of the Norwich Society, a Fellow of the 
Royal Society of Arts, a member of the Norfolk and Norwich 
Archaeological Society, a member of the Archaeological Trust 
and treasurer of the Burrell Memorial Fund. His interest in 
this last-mentioned project stemmed from his earlier connec- 
tion with the ‘peripatetic’ generators made by Laurence, 
Scott and Co. and fitted to Charles Burrell’s road locomotives 
soon after 1900. He was also a talented ’cellist and a capable 
yachtsman. 

Lt.-Col. Glendenning joined The Institution as a Student 
in 1901 and was elected an Associate in 1903, an Associate 
Member in 1905 and a Member in 1912. He was awarded the 
Extra Students’ Premium in 1902, for a paper read before 
the Students’ Section. R. H. C. 


JAMES PERCY HALLAM 


James Percy Hallam, who died on the 21st March 1956, was 
born on the 28th March 1879. He was educated at Manchester 
Central Schools and received his practical training with Peel 
and Williams, engine and pump builders, of Manchester, and 
with D. Firth and Sons, electrical contractors, of Manchester. 

In 1898 he joined the Manchester Corporation Waterworks, 
working on the erection and repair of pumping machinery, 
and was promoted four years later to the position of shift 
engineer at the pumping station, which was equipped with 
electrically driven pumps. From 1894 to 1900 he attended 
evening classes in general engineering at Manchester Technical 
School, and during the next four years he studied electrical 
engineering in the same way. In 1907 he became Assistant 
Engineer at the waterworks, responsible for the design, con- 
struction and maintenance of a hydro-electric scheme in the 
Longdendale Valley, for the installation of hydro-electric plant 
at Thirlmere works, and for operating an electric railway. 

He was also engaged on the design and installation of high- 
pressure centrifugal pumps, which at the time were the largest 
of their kind. He supervised the conversion of eight sets of 
Steam-driven reciprocating pumps to electric drive, and 
designed and installed booster stations on the Thirlmere 
aqueduct. 

In 1936 he was appointed Chief Mechanical Engineer, and 
in 1938 Chief Engineer, to the Waterworks Department. 
Between 1938 and 1945 he was responsible for the installation 
of chlorination plants at various service reservoirs and on the 
Thirlmere aqueduct, and for the setting up of an experimental 
purification plant at Denton, and micro-straining plant at 
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Garnett Bridge, at the junction of the Haweswater and 
Thirlmere aqueducts. 

His service as Engineer and Manager covered the whole of 
the war period, during which he helped to solve many diffi- 
culties that arose in the maintenance of the water supply in 
Manchester and the surrounding districts. 

Mr. Hallam joined The Institution as an Associate Member 
in 1923 and was elected a Member in 1927. He was also a 
Member of The Institutions of Civil and of Mechanical 
Engineers, and a Member of the American Waterworks 
Association. A. A. 


ERNEST JOHN HAMLIN 


Ernest John Hamlin, p.sc., who died on the 19th April 1956, 
was born on the 17th March 1887. He was educated at the 
Merchant Venturers’ Technical College, and Bristol University. 

He went to South Africa in 1911 as a lecturer in engineering 
at the University of Cape Town, where he gained his B.Sc. 
degree. He was appointed Town Engineer of Stellenbosch, 
Cape Province, in 1913, and also maintained a practice as a 
consulting engineer, mainly supervising the installation of 
new electric lighting schemes. He retained his connection with 
Cape Town University in the capacity of examiner. 

During the First World War he served in the Royal Flying 
Corps and in the Royal Naval Air Service. 

After the war, in 1921, he took a D.Sc. degree at Bristol 
University. In 1927 he was appointed Assistant City Engineer 
of Johannesburg and, five years later, City Engineer, which 
post he held until his retirement in 1947. This period covered 
the years of greatest development in the history of the city of 
Johannesburg. 

In 1947 he went into practice as a consulting engineer and 
founded the firm of Dr. E. J. Hamlin and Partners. 

During the Second World War he served on many defence 
advisory committees in South Africa, and under his guidance 
the National Housing and Planning Commission came into 
being. 

Dr. Hamlin was a Fellow of the Royal Society of South 
Africa, a Knight of the Order of St. John, and a Past-President 
of numerous engineering, architectural, and other technical 
societies. 

He will be remembered for his great capacity for work, his 
integrity, and for his ever-present help to others in need. He 
took a great interest in church matters, was a keen Rotarian, 
and engaged in many local activities. He married Dorothy, 
eldest daughter of Mr. A. H. Manham of Stellenbosch. He is 
survived by his widow, a son and two daughters. 

He joined The Institution as an Associate Member in 1914 
and was elected a Member in 1924. He was also a Member of 
The Institutions of Civil, of Mechanical, and of Structural 
Engineers, and an Honorary Associate of the Royal Institute 
of British Architects. 


JOHN HETTINGER 


John Hettinger, DIPL.ING., PH.D., who died on the 13th April 
1956, was born on the 6th May 1880, in Romania. He was 
educated at secondary schools in Buzau, Galatz and 
Bucharest, and at the age of nineteen he went to the Tech- 
nical University College of Darmstadt, Germany, where in 
1903 he obtained his Dipl.Ing. degree in electrical engineering. 

For a few months he worked with the firm of Braun, 
Siemens and Halske, of Berlin, on wireless-telegraphy research 
and installations of ship and shore stations in association with 
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Dr. Seibt, and then went to Paris for a few more months 
with the Société Francaise des Télégraphes et Téléphones. 

He came to England in 1904 and spent six months with the 
General International Wireless Telegraph and Telephone Co., 
London, where he worked under Mr. A. Orling on wireless- 
telegraphy research. In 1905 he joined the staff of Marks and 
Clerk, consulting engineers and chartered patent agents, of 
London, as a technical assistant, and stayed with that firm for 
the rest of his life, becoming a partner in 1931. Throughout 
these years he worked on patents connected with radio and 
general electrical engineering. 

He studied psychology at King’s College, London, and in 
1939 received the degree of Ph.D. for original research work 
under Professor Aveling on mental processes, particularly 
telepathy. He read a paper at the 1939 annual meeting of the 
British Association on ‘The Ultra-Perceptive Faculty’ and 
another in 1947, on ‘Psychometric Telepathy across the 
Atlantic’. He wrote several books recounting his experiments 
in telepathy, including ‘The Ultra-Perceptive Faculty’ and 
‘Exploring the Ultra-Perceptive Faculty’. He gave lectures 
and contributed a number of papers to scientific journals on 
this and kindred subjects. 

Dr. Hettinger joined The Institution as an Associate Mem- 
ber in 1929 and was elected a Member in 1943. F. H. D. 


ERNEST PHILIP HIGGS 


Ernest Philip Higgs, B.sc.(ENG.), who died on the 29th 
March 1956, was born on the 29th March 1898. He was 
educated at All Saints’ School, Bloxham, Oxon. His tech- 
nical education was interrupted, after one year at Finsbury 
Technical College, by service in France as a Lieutenant in the 
4th Battalion the London Regiment, Royal Fusiliers, in 
1915-19. On his return to civil life he continued his technical 
training at the City and Guilds College, eventually obtaining 
both the City and Guilds Diploma and a second-class honours 
degree from London University. While at college he received 
his practical training by vacation courses at the British 
Thomson-Houston Co., Rugby, and the Oxford Electric Co. 

He held an appointment as Assistant Distribution Engineer 
with the Metropolitan Borough of Woolwich electricity under- 
taking from 1922 to 1924. From 1924 until his retirement, 
due to ill-health, in 1946, he held appointments with the 
Shanghai electricity undertaking. Until 1929 the undertaking 
was owned by the municipality, and afterwards by the 
Shanghai Power Co., a subsidiary of the Electric Bond and 
Share Co., New York. His first appointment was that of 
Underground Mains Engineer and Senior Operating Engineer. 
On promotion, he became Assistant Chief Engineer and, in 
1939, Acting Chief Engineer. In 1941 he was interned in a 
Japanese prison camp in Shanghai. 

On his return to England at the end of 1946, he received an 
appointment on the technical staff of the Electricity Com- 
mission, and when the electricity supply industry was 
nationalized in 1948 he was appointed to the Chief Engineer’s 
staff of the London Electricity Board, where he was 
responsible for the preparation of the Board’s constructional 
budget. 

For a number of years Mr. Higgs suffered from serious 
physical handicaps, which were aggravated by his internment 
during the Second World War. Notwithstanding, he was 
always very amicable. His judgment concerning plant, equip- 
ment and personnel was sound to a degree, and he was 
always ready to share his knowledge with others. Those who 
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knew him intimately and worked with him greatly admired his 
courage and fortitude. 
Mr. Higgs joined The Institution as an Associate Member 


in 1927 and was elected a Member in 1948. E. A. M, 


ALEXANDER HENRY LAW 


Alexander Henry Law, M.A., B.A.I., who died on the 24th 
March 1956, was born on the 27th February 1878. He 
graduated from Trinity College, Dublin, with distinction in 
all subjects, and received his practical training at the Heaton 
Works of C. A. Parsons and Co. from 1899 to 1902. In the 
latter year he finished his apprenticeship and began work in 
the electrical design office, and ten months afterwards he was 
appointed Chief Draughtsman and Designer in the Electrica] 
Department. 

In the First World War he served with the field artillery in 
France, until he was wounded in 1916 and seconded to the 
Ministry of Munitions. Before the end of the war he returned 
as Managing Director to C. A. Parsons and Co., where he 
stayed until 1919. 

In 1920 Mr. Law took up a six months’ consultative appoint- 
ment with the English Electric Co., of Rugby, to organize a 
department for intercommunication with the company’s 
subsidiaries. At the end of the six months’ period he was 
appointed Liaison Officer between the company and its 
licensors and licensees. In 1926 he became General Manager 
at Rugby, having control of manufacturing and sales. His 
appointment to Chief Engineer came in 1930. He served as 
President of the Rugby Engineering Society in 1927-28. After 
his semi-retirement in 1936 he was retained as a consultant 
until his complete retirement at the end of 1945. 

Mr: Law joined The Institution as an Associate in 1904 
and was elected a Member in 1908. He served on the Newcastle 
Local Section Committee 1907-10 and again 1914-20. For 
papers published in the Journal in 1908 and 1928, he (with 
his co-authors) was awarded the Institution Premium and the 
Paris Premium respectively. He was also a Member of The 
Institution of Civil Engineers. M. C. S. 


JOHN JOSEPH McKENNA 


John Joseph McKenna, who died on the 11th February 1956, 
was born on the 6th May 1886. He was educated at Ample- 
forth College, Yorkshire, and at Faraday House, where he 
obtained a Diploma. He received his practical training in 
electrical engineering as a pupil apprentice with Greenwood 
and Batley Ltd., of Leeds. From 1906 to 1914 he was employed 
as a shift charge engineer with the Lancashire Electric 
Power Co., the Midland Electric Corporation and Birmingham 
Electricity Department. 

On the outbreak of the First ‘World War, he volunteered 
for army service and was commissioned in the Warwickshire 
Regiment. Very soon afterwards he was transferred to the 
Royal Flying Corps, and was on active service in the Middle 
and Far East until the war ended. 

Returning to civil life, he first took up employment with the 
Brompton and Kensington Electricity Supply Co., where he 
was responsible for the design and production of domestic 
appliances and heavy cooking equipment. Later he joined the 
Metropolitan-Vickers Electric Co. and then the Domestic 
Electrification Co. In 1933 he was appointed to the sales staff 
of the English Electric Co., and, in 1946, he transferred to 
the Backer Electric Co., Rotherham. When the company 
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was incorporated in the following year, he was appointed Sales 
Director, and in 1951 he was promoted to Joint Managing 
Director, a position he held until his death. 

Apart from the interruption of the 1914-18 War, he served 
the electrical industry for almost fifty years, mainly on the 
domestic appliance side. He was very well known and deeply 
respected throughout the industry, and served on committees 
of the British Standards Institution, the British Electrical 
and Allied Manufacturers’ Association, and other trade 
associations. 

In his career he had covered many activities. He started out 
as a designer, later became.a works manager, then for several 
years he was mainly on the sales side, and for the last period 
in his life he was an administrator. During his long service 
he acquired numerous friends who will miss him deeply, not 
only for his ability and efficiency, but also for his helpful and 
co-operative attitude. He leaves a widow and one son. 

Mr. McKenna joined The Institution as an Associate 
Member in 1930 and was elected a Member in 1956. cc. M. K. 


KENNETH ARTHUR MOUNTAIN 


Kenneth Arthur Mountain, who died on the 14th April 1956, 
was born on the 19th February 1888. He was educated at 
Malvern College, and subsequently, while serving his appren- 
ticeship, by private tuition under Professors Innes and 
Thornton. 

He was apprenticed to his grandfather’s firm of Ernest Scott 
and Mountain, electrical and mechanical engineers of Gates- 
head, from 1904 to 1909. In 1908 he went to Constantinople as 
engineer in charge of the electric light installation for the 
Club de Constantinople. At the end of his apprenticeship he 
became Assistant to the Chief Designer, and in 1911 he went 
to Spain as Assistant to the Chief of the Outside Staff, and 
worked on an extensive hydro-electric installation at the 
Alquife Ironstone Mines. 

In 1912 he became a partner in his father’s firm of Mountain, 
Son and Wood (later Mountain, Wood and MacLean), con- 
sulting engineers of Newcastle upon Tyne. He was responsible 
for preparing reports on, drawing up specifications for, and 
supervising the installation of, all classes of plant and equip- 
ment for collieries, shipyards, rolling mills and docks. 

During the First World War he served in the Royal 
Engineers from 1914 to 1919, attaining the rank of Captain. 

He was largely responsible for the electrical arrangements 
for the Newcastle upon Tyne Industrial Exhibition of 1929. 

In 1933 he joined the sales branch of Callender’s Cable and 
Construction Co., and continued in this work after the 
amalgamation of the company with British Insulated Cables 
up to the time of his retirement in 1953. 

Mr. Mountain joined The Institution as an Associate 
Member in 1913 and was elected a Member in 1929. G. B. 


LEVY PEVZNER 


Levy Pevzner, who died on the 26th April 1955, was born on 
the 7th April 1892, in Liady, a small town in White Russia, 
where he received his primary education. He obtained his 
secondary education at a high school in Mogiliev and at the 
Secondary School of Commerce, Vitebsk, whence he pro- 
ceeded to France to receive his technical education at the 
electro-technical institute of the University of Toulouse 
from 1911 to 1914. 

In 1915 he was engaged as a meter tester by Lebon et Cie, of 
Alexandria, Egypt, working on the testing of laboratory 
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instruments, and in 1916 he obtained an appointment as 
Electrical Engineer in the firm of E. Oltchik, of Alexandria, 
where he worked on the wiring of workshops and private 
houses. Two years later he joined the Alexandria and Ramleh 
Railway Co. as Electrical Engineer, employed mainly on the 
testing of transformers and metering equipment and on the 
maintenance of the distribution network. 

He entered the service of the newly founded Jaffa Electric 
Co., of Tel Aviv, in 1923 as Chief Engineer; he was in control 
of the thermal power station, and responsible for the design 
and construction of high-voltage transmission lines and low- 
voltage distribution. He worked with this company up to the 
day of his death, and when in 1931 it was amalgamated with 
the Palestine Electric Corporation (which thus became 
responsible for the electrification of the whole of Palestine 
except the Jerusalem area) Mr. Pevzner was assigned Head of 
the Mains Department in the southern part of the country, 
which serves 70% of the total population. He had the great 
satisfaction of seeing his department develop from very 
modest beginnings, when 3 km of network supplied electricity 
to a few hundred people, to the time when 5000km of line 
carried a supply to some 250000 consumers. 

When he began his activities there were very few electrical 
engineers and skilled workers in Palestine, and he was instru- 
mental in raising a generation of engineers, technicians and 
linemen capable of tackling the problems of the quickly 
growing transmission system. 

Mr. Pevzner was a modest, unassuming man of the highest 
moral integrity, who enjoyed the confidence and respect of all 
who came in contact with him. He had considerable social 
interests and was an active member of the Air Club of Israel, 
which he helped to found. He was a Past-President of the 
Israel Association of Engineers and Architects. He leaves a 
widow and one daughter. 

He joined The Institution as an Associate Member in 1930 
and was elected a Member in 1945. a 3 


ROBERT POHL 


Robert Pohl, D.ENG., D.sc., who died on the 15th March 1956, 
was born on the 21st December 1878. He was a German by 
birth, a native of Hamm, Westphalia, where he attended the 
Royal Grammar School. He received his university education 
and his D.Eng. degree at Hanover, and obtained his first 
industrial experience during 1901 with the firm of Lahmeyer 
in Frankfurt, where he worked under the direction of Professor 
Epstein. After two years with the Allgemeine Elektrizitats 
Gesellschaft in Berlin, he accepted a post in England, with 
the Phoenix Dynamo Co. of Bradford, and three years later, 
at the age of twenty-eight, he became its Chief Engineer. 
Before the outbreak of the First World War Pohl was already 
making a name for himself in England. He would have 
become a naturalized British subject and would have remained 
in this country, but before the war ended he had the mis- 
fortune to be interned, and was sent back to Germany in 1919. 

For the next nineteen years Pohl worked once more with 
the A.E.G. in Berlin, becoming Director and Chief Engineer 
of that company’s turbine works. By 1938, however, it was 
evident that he and his family were in danger of Nazi persecu- 
tion, and through the good offices of friends he was able to 
get away safely to England, where he was joined by his wife 
and son. 

Professor William Cramp, of the University of Birmingham, 
was able to secure the appointment of Dr. Pohl to the staff of 
his department, where he taught and served as a consultant 
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throughout the whole of the Second World War. In 1940 he 
was awarded the D.Sc. degree of Birmingham University. 

Very early in his career Pohl began to make original con- 
tributions to the theory and practice of electrical machinery. 
He elucidated the mode of action of the commutating pole for 
d.c. machines and he was responsible, it is believed, for the 
building at Bradford of the first machine to be equipped with 
interpoles in this country. 

Pohl’s published papers, which number over fifty, appeared 
mainly in the Journal of The Institution, in Elektrotechnische 
Zeitschrift, and in Elektrotechnik und Maschinenbau. They 
cover an exceedingly wide range of topics distributed over the 
whole field of electrical machinery. The advances which they 
described have become embodied in practice, but many of his 
papers are still used as works of reference by designers. 
Particularly noteworthy is a paper published in 1914 dealing 
with the calculation of flux leakage between salient poles. 
The method there developed is still in use to-day and has not 
been improved upon. 

Pohl’s first paper on turbo-alternators was published in 
1914 and throughout his nineteen years in Germany after the 
First World War he made significant contributions to the 
theory and design of large electrical machines. From 1938 
onwards, for the major part of the period during which Pohl 
was teaching in the University of Birmingham, he was retained 
by the British Thomson-Houston Co. as a consultant. In the 
course of this work his attention was directed to the problems 
of inductor alternators and several of his later papers deal 
with these machines. 

The outstanding quality of all Pohl’s work is its clear 
physical insight. His papers show originality of physical con- 
ception applied to the solution of intractable problems. The 
advances in practice with which Pohl was associated have 
given him an acknowledged place in the front rank of the 
electrical machine designers of his day. 

Pohl was a man with rare personal qualities. In him great 
powers of intellect were allied to complete integrity. His 
actions as well as his words bespoke a warm humanity but it 
was perhaps his quite philosophic vein of humour which, most 
of all, endeared him to his friends. 

He was musical, he had a critical appreciation of art, and 
he was a great reader of literature. Perhaps his appreciation 
of these pursuits and his pleasure in them was heightened by 
the acuteness of his sensitivity to human suffering. He is 
survived by his widow and one son. 

Dr. Pohl joined The Institution as an Associate Member in 
1907 and was elected a Member in 1911. He served on the 
Leeds Local Centre Committee from 1910 to 1913, and as a 
Vice-Chairman from 1913 to 1915. He published several 
papers in the Journal in 1908, 1910, 1912 and 1914, on various 
aspects of electrical machinery. His membership of The 
Institution came to an end in 1915 under Bye-Law 23 (as it 
was then worded), relating to enemy aliens. On obtaining 
British citizenship after his return to this country in 1938, he 
applied for reinstatement, but this, unfortunately, could not 
be granted. He declined to apply for re-election, being of the 
opinion that the Council should reconsider cases such as his 
on their merits. In 1942, however, he was re-elected to full 
membership. During 1946 and 1947 he contributed two more 
papers to the Journal on electrical machines. J. G. 


SYDNEY GEORGE CASTLE RUSSELL 


Sydney George Castle Russell, who died on the 28th May 
1955, was born in 1866. He joined the Phoenix Fire Office in 
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1887 as a pupil and trained under Mr. Musgrave Heaphy, 
He also studied at King’s College under Professor Wilson, 
He was appointed Electrical Engineer to the Phoenix 
Assurance Co. in 1902, and on the retirement of Mr. Heaphy 
two years later he was made Electrical Adviser to the com- 
pany, which appointment he held until his own retirement in 
1921. 

Following the precedent set by Musgrave Heaphy, Russell 
carried on a consulting practice in addition to his work for the 
Phoenix Co., and made this a means of ensuring that his 
clients’ installations were always in accordance with the best 
principles, and as free as possible from any risk of fire or 
shock, which might have reacted to the detriment of the 
insurance companies. His clients included famous institutions 
like Eton and a number of Oxford Colleges, in addition to 
leading commercial houses in London. 

The number of bodies and committees to which Russell 
belonged, during what are now thought of as the ‘leisurely’ 
days prior to 1914, is astonishing. They included the Lightning 
Research Council, where he was associated with Sir Oliver 
Lodge and Killingworth Hedges, and the Commission of 
Enquiry held under Sir James Swinburne on the proposed 
Home Office Electrical Regulations for Factories in 1908. He 
was a member of the ‘Dynamicables’, a dining club of 101 
members, which included the leading personalities in the 
industry, and he helped to found a body of a similar nature, 
the Electrical and Insurance Surveyors’ Society. He took a 
great interest in the Trades Training School of the Carpenters 
Company (one of the City Livery Companies) and for a 
number of years acted as one of the judges at the annual 
prize-giving ceremony. At this school apprentices are trained 
in electrical installation work as well as in carpentry, joinery 
and architecture. 

After his retirement, although he continued with his con- 
sulting practice, he devoted more and more time to his hobby 
of entomology. He was a fellow of the Entomological Society 
and was frequently consulted by the Natural History Museum 
on the British Lepidoptera, of which his knowledge was 
extensive. Even when nearing the end of his long life, his 
physical powers were remarkable for a man of his age, and 
he was frequently out with his butterfly net and collecting 
boxes. In spite of these preoccupations, however, his engineer- 
ing interests never left him, and he was always pleased to talk 
about Musgrave Heaphy and the carly days and to draw ona 
surprising memory. 

Mr. Russell joined The Institution as an Associate in 1894 
and was elected an Associate Member in 1899 and a Member 
in 1905. J. M.; E. B. HL 


JOSIAH SAYERS 


Josiah Sayers, 0.B.E., who died on the 28th April 1956, was 
born on the 11th October 1868, the youngest of seven sons. 
In 1883-85 he served as a pupil under his brother, Mr. 
H. M. Sayers, of Eastbourne, with whom he was associated in 
various engineering projects including, on one occasion, the 
installation of electricity in an ancient castle. He then entered 
the service of Chamberlain and Hookham, of Birmingham, 
for two years, after which he spent a year as Engineer in 
charge of electrical plant at Victoria House under Sir W. H. 
Preece, taking out his first patent at the age of twenty. 

He joined the Midland Railway in 1888, where one of his 
early achievements was the introduction of electric lighting in 
passenger trains. As Electric Light and Power Superinten- 
dent, he was responsible, with Mr. W. E. Langdon, for the 
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installation and maintenance of electricity generating stations 
at many important railway centres. ; 

He succeeded Mr. Langdon as Telegraph Superintendent of 
the Midland Railway in January 1903, and, always a pioneer 
and often referred to as being a generation before his time, 
he invented and introduced many electrical devices for 
increasing the efficiency and safety of railway and associated 
traffic. These included his ‘rotary’ interlocking of block 
with railway signals, automatic single-line train-token instru- 
ments, semi-automatic track-circuit-controlled train signalling, 
communication with moving passenger trains, and wireless 
communication with the Heysham to Ireland passenger boats. 
In conjunction with the late Sir Cecil Paget he played a 
dominant part in establishing the ‘control’ system of train 
operation which revolutionized traffic working, first on the 
Midland Railway and later on every railway in the country. 

In 1907, at his suggestion, overhead collection of high- 
voltage alternating current (6 600-volt single-phase) was used 
for the electrification of the Lancaster, Morecambe and 
Heysham branches of the Midland Railway (vide his paper, 
written jointly with the late Mr. J. Dalziel and read before 
The Institution of Civil Engineers). He lived to see this 
principle made standard for the electrification of British 
Railways by the recent decision of the British Transport 
Commission. Before the First World War he went with Sir 
Guy Granet and others to the United States to study the 
railway electrification in that country. 

After the disastrous blizzard of the 28th March 1916, when 
telegraph and telephone communication lines were almost 
entirely demolished over a great portion of the country, and 
rail and road traffic consequently brought nearly to a stand- 
still at a vital time, he inaugurated a system for immediate 
and automatic co-operation of all railway departments, 
largely decentralized, for subsequent emergencies. He was 
made an O.B.E. in 1920 mainly for this work, and his system 
proved invaluable during restoration works after damage in 
the Second World War. 

On the amalgamation of the Telegraph and Signal Depart- 
ments he became the first Signal and Telecommunications 
Engineer of the London Midland and Scottish Railway, 
retiring from this position in 1929, though for some years 
his services were retained in a consultative capacity. He was 
a Foundation Member, Past-President and Honorary Member 
of The Institution of Railway Signal Engineers. 

He was a talented pianist, and once seriously considered a 
career as a musician. He was also an ardent and outstanding 
golfer, a first-class billiards and card player, and when chess 
champion of Derbyshire would play blindfolded on several 
boards at once. 

His wife survived him by only a few weeks, and they left 
a daughter and three sons. 

He joined The Institution as a Student in 1889 and was 
elected an Associate in 1890 and a Member in 1900. He was 
a Member of Council 1918-21. He was also a Member of 
The Institution of Civil Engineers and was awarded the Telfer 
Premium in 1909. H. C. D. 


SYDNEY REGINALD SIVIOUR 


Sydney Reginald Siviour, 0.B.£., who died on the 12th March 
1956, was born on the 28th August 1883. The early part of his 
life was spent in Croydon, where, at the Addiscombe and Oval 
Road Schools and the County Polytechnic, he received his 
education, and where, from 1902 to 1904, he was employed 
at the Corporation Electricity Works. He then joined Callen- 
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der’s Cable and Construction Co., becoming an Assistant 
Resident Engineer in 1907. In 1911 he returned, for a short 
time, to the Croydon Corporation electricity department as 
an Assistant Consumers’ Engineer, but later that year he 
joined the Yorkshire Electric Power Co., where in the next 
37 years the greater part of his life’s work was done. 

He started in Yorkshire as an assistant mains engineer, 
and in 1913 he became chief assistant (mains construction) 
under the late Mr. J. E. Storr, then responsible for all outside 
construction work on the system. In 1922 he became Super- 
intendent of the mains construction department, a position 
which, with increasing responsibilities, he held until the 
electricity supply industry was nationalized on the Ist April 
1948. In January 1948 he was made Deputy General Manager 
of the Yorkshire Electric Power Co., and of its associated 
companies. 

In his 26 years as Mains Superintendent, he introduced and 
developed extensive 33kV and 66kV transmission systems to 
supplement the 11kV network which originally constituted 
the primary transmission system of the company. 

He served with distinction on the Council of the Incor- 
porated Association of Electric Power Companies as well as 
on a number of E.R.A., B.S.I., and other technical com- 
mittees, including the British National Committee of 
C.1.G.R.E. These Committees will have benefited, as his 
company did, from the excellence, the unvarying con- 
scientiousness and the thoroughness which were so charac- 
teristic of the man and his work. Upright and always approach- 
able, he was a good friend and counsellor to all who worked 
with him and under him. ; 

On the nationalization of the supply industry, Mr. Siviour 
became Chief Engineer to the Yorkshire Electricity Board, 
retiring from that position to live in Marlow, Buckinghamshire, 
in July 1950. From then until his death he assisted the Uganda 
Electricity Board with their transmission schemes, spending 
some time in Uganda in 1952. 

Mr. Siviour’s responsibilities took up a large part of his 
leisure time, but he was a keen and methodical gardener and 
applied to his hobby the same degree of meticulous care which 
contributed so much to his successful career. A staunch 
churchman, he was a churchwarden for many years. He is 
survived by his widow and two children. 

Mr. Siviour joined The Institution as an Associate Member 
in 1920 and was elected a Member in 1934. He took a keen 
interest in Institution affairs and was always particularly 
helpful to the younger entrants. He served on the North 
Midland Centre Committee 1928-30 and again 1934-35. He 
was a Vice-Chairman of the Committee 1935-36 and Chair- 
man 1936-37. He then served as a Vice-Chairman of the 
Transmission Section 1937-38, and was elected Chairman of 
that Section 1938-39. He was Honorary Treasurer of the 
Centre 1941-44 and Local Honorary Treasurer of the Benevo- 
lent Fund 1946-50. For three years, from 1951 to 1954, he was 
a member of the Court of Governors of the Benevolent Fund. 

In 1949 he was made an O.B.E., which his many friends 
hailed with pleasure as a well-deserved recognition of devoted 
service over a long period of time. W. R. T. S. 


THOMAS STOCKINGS 


Thomas Stockings, who died on the 20th April 1956, was born 
on the 5th July 1908. He was educated at a Norwich elementary 
school and Norwich Junior Technical College, and from 
1924 to 1929 was apprenticed to Laurence, Scott and Electro- 
motors of Norwich. During this time he attended evening 


631 








classes in general and electrical engineering at Norwich 
Technical College. At the end of his apprenticeship he went 
to London as a junior engineer on the Southern Railway, 
engaged on the inspection and testing of multiple-unit electric 
trains, and continued his evening studies at the Regent Street 
Polytechnic. He gained a Higher National Certificate in 
electrical engineering in 1932. 

He joined the English Electric Co. in 1935 as Traction 
Sales and Contracts Engineer at Bradford, where he designed 
electric locomotives, multiple-unit electric trains and Diesel- 
electric traction equipment. 

A month before the outbreak of the Second World War 
he was commissioned in the Royal Engineers, completing his 
service in October 1945 as a Lieutenant-Colonel in the Royal 
Electrical and Mechanical Engineers. 

He returned to the English Electric Co. and took up the 
position of Engineer-in-Charge of the Traction Erection 
Department, London. During his service in this capacity he 
was responsible for all erection and putting into service of 
electric and Diesel-electric traction equipment manufactured 
by the company for British Railways. He was also responsible 
for the erection and testing of complete locomotives and trains 
built outside the English Electric works for eventual shipment 
to oversea railways. 

In 1950 he relinquished this position and joined the Traction 
Department of the company as Traction Engineer, responsible 
for the co-ordination of contract works for British Railways. 

In recent years he travelled extensively advising oversea 
railway administrations on the setting up of maintenance 
facilities for Diesel-electric locomotives, and he had only 
recently completed such a trip to Australia and Malaya. 

Mr. Stockings joined The Institution as a Graduate in 1933 
and was elected an Associate Member in 1938 and a Member 
in 1951. A. V. S. 


TOM PERCIVAL STRICKLAND 


Tom Percival Strickland, B.£., M.sc., who died on the 3rd 
March 1955, was born in 1875. He was educated at Sydney 
University, where he took his B.E. degree and won a travelling 
scholarship, which enabled him to proceed to McGill Uni- 
versity, Montreal. Here he did research work, and published 
several papers which led to an M.Sc. degree and the Governor- 
General’s medal for original research. 

He gained practical experience during one year with the 
General Electric Co. in Schenectady, New York. After a few 
months as Assistant Engineer to the Green Fuel Economizer 
Co., New York, he returned to Australia to take up an 
appointment in 1902 as Assistant Engineer to the New South 
Wales Government Railways and Tramways. A year later he 
was promoted to Chief Assistant Electrical Engineer, and in 
1921 he became Chief Engineer of the Melbourne and Metro- 
politan Tramways Board, which position he held until his 
retirement in 1938. 

Mr. Strickland was a Past-President of the Electrical 
Association of New South Wales, and was a member of 
the State Electricity Commission of Victoria for approxi- 
mately four years. He was also a member of the International 
Economic Association, and from 1939 to 1945 he was a 
member of the Board of Business Administration. He is 
survived by his widow and three daughters. 

He joined The Institution as an Associate Member in 1909 
and was elected a Member in 1911. He was also a member of 
the American Institute of Electrical Engineers, and of the 
Engineering Institute of Canada. C. A. P. O. 
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STANLEY WHITEHEAD 


Stanley Whitehead, M.A., D.sc., who died on the 5th May 1956, 
was born on the 27th July 1902. He was educated at Sir 
Walter St. John’s School, Battersea, and at Jesus College, 
Oxford, which he entered in 1920 with an open scholarship, 
He obtained firsts in the final school in Physics and Mathe- 
matical Moderations, being awarded the B.A. degree in 1924, 
After a year’s post-graduate research on thermionics under 
Professor Lindemann, he accepted a post as technical assistant 
with the British Electrical and Allied Industries Research 
Association, where he worked mainly on a study of 
dielectrics. In 1927 he was awarded the M.A. degree of Oxford 
University, and in 1929 he registered as a part-time research 
student of Queen Mary College, London University, which 
led to a Ph.D. in electrical engineering in 1933 and to a D.Sc. 
in 1952. He was promoted to Assistant Director of the E.R.A., 
and later succeeded Mr. E. B. Wedmore as Director. 

Although his main scientific interest was in dielectric 
phenomena, he made distinguished contributions relating to 
electric transmission, cable ratings and radio and telephone 
interference, and during the war he took a leading part in the 
work of the E.R.A. on mine and bomb location, often at 
considerable personal risk. 

The first fruits of his interest in dielectric phenomena were 
the production of three critical monographs on breakdown in 
solid, liquid, and gaseous dielectrics. This was followed by 
experimental and theoretical research on solid dielectrics, 
which was summarized in his ‘Dielectric Breakdown of Solids’ 
published in 1951, a work which is likely to be quoted for 
some years to come. 

Dr. Whitehead’s scientific activities covered a wide field. 
He was a member of several British Standards Institution 
committees, Chairman of a sub-committee of the International 
Electrotechnical Commission, a member and past joint 
secretary of the Parliamentary and Scientific Committee, 
Chairman of the committee of Research Association Directors, 
and was closely associated with the work of the British Asso- 
ciation and the Royal Institution. He was Chairman of the 
Governors of his old school, Sir Walter St. John’s, and a 
Governor of Battersea Grammar School. He did much to 
foster co-operation in research between the universities and 
the E.R.A. Perhaps the honour of a Fellowship of Queen 
Mary College, of which he was very proud, was a measure 
of the appreciation of his work in this field. 

While at Oxford, Stanley Whitehead met his future wife, 
Mary Lyon Morehead, who also had a distinguished academic 
career, but on the classical side. They married in 1929, and 
there are two children, a son and a daughter, of the marriage. 

Dr. Whitehead joined The Institution as a Student in 1925 
and was elected an Associate Member in 1929 and a Member 
in 1940. He contributed twelve papers to The Institution and 
won an Extra Premium (jointly) in 1934, the Wireless Section 
Premium (jointly) and the Transmission Section Premium 
(jointly) in 1938, and the Meter and Instrument Section 
Premium (jointly) in 1941. He served on the Measurements 
Section Committee 1945-47, was a Vice-Chairman of the 
Committee 1947-48 and Chairman 1948-49. He served on the 
Research Committee 1948-49 and again 1950-56, on the 
Education and Training Committee 1948-51, on the Science 
Abstracts Committee 1948-56, and on the Joint Committee 


on Practical Training in the Electrical Engineering Industry | 


1952-56. He was also a Fellow of The Institute of Physics, 
which he served as a Vice-President, as Honorary Secretary 
and as Chairman of the London branch. R. D. 
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lishers and the prices are given only for the convenience of bers. 
BOOKS 
ABRAMSON, A. 621.397.6 


Electronic Motion Pictures. A history of the television camera 
Berkeley, University of California Press, 1955. pp. 212. 24 x 16cm. 
£2 approx. 

Surveys the history of the film camera and sound recording, and their 
contribution to television. Traces the development of commercial and 
large-screen television and explains the work being done to perfect 
the electronic camera and the magnetic recording of video signals, 
which will lead to entirely new techniques in motion-picture production. 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 621-52 
Regelungstechnik. Grundsatzliche Betrachtungen iiber Regelprob- 
leme und praktische Anwendungen. (Control engineering. Basic 
considerations on regulation problems and practical applications.) 
Berlin, A.E.G., 1955. pp. 228. 30 x 21cm. £2 10s. approx. 
BOON, S. D. 621.315.59 
Germanium Diodes* 

Eindhoven, Philips Technical Press, 1956. pp. viii, 85. 21 x 15cm. 
9s. 6d. 

Describes briefly the history, basic qualities and structure of ger- 
manium diodes, then deals in greater detail with their electrical 
properties from the point of view of applications and operation. The 
published data relating to a number of commercial types is explained 
together with recommended applications. 


CEAGLSKE, N. H. 
Automatic Process Control for Chemical Engineers 


New York, Wiley; London, Chapman and Hall, 1956. pp. xiv, 228. 
23 x 15cm. £2 14s, 


A review of the mathematical principles of process control based on 
lectures to undergraduate students and intended for chemical engineers. 
It describes first the action of each part of the control system, then 
the action of the complete system. The remaining chapters deal with 
mathematical methods involved in the equations needed for the 
analysis of control systems. 


621-52 


CLEATOR, P. E. 62 
The Robot Era* 

London, Allen and Unwin, 1955. pp. 172. 22 x 14cm. 16s. 
This is a most interesting book which non-specialist readers will have 
no difficulty in following. It reviews very briefly important steps in the 
harnessing of energy for industrial purposes and the development of 
various mechanical and subsequently electrical control devices. The 
gradual development of automatic machines and processes of increasing 
complexity, and ultimately of fully automatic factories, is illustrated. 
The final chapters discuss the social implications of these developments 
including power from nuclear energy and the electronic brain. 


FELDTKELLER, R. 621.392 
Einfiihrung in die Siebschaltungstheorie der Elektrischen Nachrichten- 
technik. (Introduction to filter circuit theory in electrical com- 
munication.) 


4th ed. Stuttgart, S. Hirzel Verlag, 1956. pp. xi, 199. 
24x 16cm. £2 10s. approx. 


GOHLKE, w. 621.317 


Mechanisch-Elektrische Messtechnik. (Mechanical-electrical 
measurement practice)* 


Miinchen, Carl Hanser Verlag, 1955. pp. viii, 186. 24 x 17cm. 
£2 6s. approx. 
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Reviews briefly the measuring techniques which have been developed 
based on various electro-mechanical phenomena of crystals, etc. 


JAYNES, E. T. 537.226 


Ferroelectricity 

Princeton, Princeton University Press, 1953. pp. viii, 137. 

23 x 15cm. 16s. 

This monograph is based on a doctoral thesis. It gives a general 
introduction to the subject and a review of various theories of BaTiO. 


Thermodynamic properties and internal fields are discussed and electric 
polarization in crystals. There is an extensive bibliography. 


MOLLOY, E. (Editor) 621.3.001.4 
Testing Electrical Installations and Machines 
Sth ed. London, Newnes, 1956. pp. vii, 200. 17 x 13cm. 


12s. 6d. 


Outlines the methods to be used for testing complete wiring installa- 
tions, testing installed transformers and motors, and locating faults 
in distribution cables. Factory and workshop testing methods are 
described. 


MOSKOWITZ, S., and RACKER, J. 621.374 
Pulse Techniques 

New York, Prentice-Hall, 1951. pp. viii, 300. 22 x 15cm. 

£2 14s. 


Discusses transient response of linear networks using the Fourier and 
Laplace transforms, and the design of pulse networks. Linear pulse 
amplifiers and pulse shaping and clamp circuits are then described. 
Other chapters dealwith pulse generation and measurement and pulse 
circuits for communication systems and radar. 


NEVILLE, E. H. 518.2 


Rectangular-Polar Conversion Tables. Royal Society Mathematical 
Tables Volume 2 


Cambridge, University Press, 1956. pp. xxxii, 109. 29 x 22cm. 
30s. 


This is the second of two volumes so far published in this series— 
successors to the B.A. Mathematical Tables. The first continues a 
series of tables connected with number theory. This volume sets the 
style for another kind of table, with values of high accuracy, for 
relatively few selected values of the arguments. These are designed 
primarily for the use of table makers and for others who can often 
choose arguments so that interpolation is infrequent. 


NOLL, E. M. 
Closed-Circuit and Industrial Television* 
New York, Macmillan, 1956. pp. x, 230. 23 x 15cm. 34s. 6d. 


Describes a variety of industrial and other applications of closed 
circuit television systems. Explains the principles of picture trans- 
mission and reception, giving practical details of circuits and equip- 
ment. This book will be reviewed in a future issue. 


621.397 


RADIO CORPORATION OF AMERICA 621.314.7 


Transistors I. A selection of papers describing research and develop- 
ment work of the Radio Corporation of America as it applies to the 
theory, fabrication, and application of transistors* 

Princeton, RCA Laboratories, 1956. pp. vi, 676. 23 x 15cm. 
38s. approx. 

Consists of 31 papers not published before, 10 which have been 
previously published, and 46 abstracts of papers. They deal with 
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materials and techniques, devices, fluctuation noise, test and measure- 
ment equipment, and applications. 


RAMSEY, N. F. 539.13 


Molecular Beams 

Oxford, Clarendon Press, 1956. pp. xii, 466. 24 x 16cm. 

£3 15s. 

This is the first detailed book on the subject published for 24 years. 
The topics covered: include gas kinetics, theory of nuclear interactions 
in molecules, magnetic deflection experiments, magnetic resonance 
experiments, nuclear magnetic moments and radio frequency spectro- 
scopy of molecules. There is an extensive bibliography. 


REED, M. B. 538.551 


Electric Network Synthesis. Image parameter method* 
Englewood Cliffs, Prentice-Hall, 1955. pp. x, 252. £3 4s. 


A detailed treatment of the subject based on experience and design 
techniques of the Bell Laboratories. 


REINHARDT, F. 621.3.001.4 
Priifung und Abnahme von Elektrischen Maschinen Band I. 
Grundlagen der Priifung Elektrischen Maschinen. (Testing and 
acceptance of electrical machines. Vol. 1. Fundamentals of testing 
electrical machines) 

Karlsruhe, Verlag G. Braun, 1956. pp. ix, 116. 21 « 15cm. 
28s. approx. 


This book was reviewed in the September issue, p. 559. 


ROBERTSON, J. K. 621.386 
Radiology Physics. An introductory course for radiologists, radio- 
graphers and medical students. 

3rd ed. London, Macmillan, 1956. pp. xvi, 330. 22 x 14cm. 
36s. 


A brief introduction to alternating current electricity, the function of 
thermionic valves and the generation of high voltage is followed by 
chapters on cathode rays, positive rays, isotopes, the properties, 
measurement and dosages of X-rays, natural and artificial radio- 
activity, and protection. 


ROST, R. 621.314.7 


Kristalloden Technik. (Crystal valve techniques) 

2nd ed. Berlin, Verlag von Wilhelm Ernst, 1956. pp. xi, 439. 
21 x 14cm. £2 5s. approx. 

This book will be reviewed in a future issue. 


SCHURE, A. (Editor) 621.392 


R-F Transmission Lines 

New York, Rider, 1956. pp. vii,63. 21 x 14cm. 7s. 6d. approx. 
A simple introduction to the electrical characteristics of transmission 
lines, load matching, standing waves, etc., and the relevant formulae. 
Explains also the advantages of various types of coaxial and parallel 
cables for particular applications. 


SPREADBURY, F. G. 621.317.7 


Electronic Measurements and Measuring Instruments* 
London, Constable, 1956. pp. ix, 459. 22 x 14cm. £2 10s. 


Discusses the characteristics and suitability of valves and circuit 
components used in measuring equipment. Describes the circuits and 
performance of valve-voltmeters, ammeters and wattmeters, apparatus 
for the measurement of frequency and time, cathode ray oscillographs, 
electronic bridges and testing equipment. Oscillators, amplifiers and 
integrating and other circuits suitable for measuring equipment are 
dealt with and the value of feedback and mains voltage stabilization 
indicated. 
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621.357.8 


TEGART, W. J. McG. 
The Electrolytic and Chemical Polishing of Metals in Research and 
Industry* 

London, Pergamon Press, 1956. pp. x, 129. 22 x 14cm. 30s. 
Gives a general explanation of the process based on experimental 
observations. Discusses all the factors to be considered in order te 
obtain satisfactory conditions and describes the circuits and tech- 
niques for laboratory and industrial applications. 


THOMPSON, A. S., and RODGERS, O. E. 621.039 


Thermal Power from Nuclear Reactors* 
New York, Wiley; London, Chapman and Hall, 1956. pp. xiii, 229. 
23 x 15cm. £2 18s. 


The opening chapters discuss at some length methods of analysis for 
the design of reactors, with calculations involving neutron distribu- 
tion, criticality, and reactor kinetics. The treatment of reactor 
shielding, reactor materials, and other considerations relating to the 
transfer and use of the heat generated is largely mathematical. 


TOLANSKY, S. 539 
Introduction to Atomic Physics* 
4thed. London, Longmans, 1956. pp. xiii,435. 22 x 14cm. 25s. 


This edition, parts of which have had to be rewritten in the light of 
new knowledge, contains additional chapters on recent methods for 
dealing with single particles, the properties of mesons, giant high- 
energy particle accelerators and nuclear reactors. 


ZYPKIN, J. S. : 517 
Differ gleichungen der Impuls- und Regeltechnik. (Differential 
equations in pulse technique and control engineering) 

Berlin, VEB Verlag Technik, 1956. pp. 207. 21 x 15cm. 

£2 approx. 





OTHER PUBLICATIONS 

ADMIRALTY AND MINISTRY OF SUPPLY INTER-SERVICE 
METALLURGICAL RESEARCH COUNCIL 

Corrosion and its Prevention at Bimetallic Contacts 

London, H.M.S.O., 1956. pp. 9. 33 x 21cm. Is. 6d. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Conference on Magnetic Materials, Pittsburgh, June 1955 
New York, A.1.E.E., 1955. pp. 370. 28 x 22cm. £3 5s. approx. 


ASSOCIATION FOR APPLIED SOLAR ENERGY 


Proceedings of the World Symposium on Applied Solar Energy 
Menlo Park, Stanford Research Institute, California, 1956. pp. 304. 
28 x 22cm. 42s. 6d. approx. 


ASSOCIAZIONE ELETTROTECNICA ITALIANA 


Rendiconti della 56th Riunione Annuale dell’A.E.I. Genova, 1955. 
Impianti Ausiliari Elettrici. Fascicolo I and II 


Milan, A.E.I., 1956. pp. 36, 486. 30 x 21cm. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH 

Automation. A report on the technical trends and their impact on 
management and labour 

London, H.M.S.O., 1956. pp. viii, 106. 24 x IScm. 6s. 


HARWOOD, H. D. 
The Design of a High-Quality Commentators’ Microphone Insensitive 
to Ambient Noise 


London, British Broadcasting Corporation, 1956. pp. 19. 
28 x 22cm. 5s. 
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Forthcoming Events 
at Savoy Place 


All meetings are held at Savoy Place, beginning at 5.30 p.m. 
(tea at 5 p.m.), except where otherwise stated. The nature of 
the meeting is indicated by the following key: 


Cur OZ umm 


EDUCATION DISCUSSION CIRCLE 

INFORMAL 

MEASUREMENT AND CONTROL SECTION 
ORDINARY 

RADIO AND TELECOMMUNICATION SECTION 
SUPPLY SECTION 

UTILIZATION SECTION 


After each paper that has now been published is added the 
month that a synopsis appeared in the Journal under ‘Mono- 
graphs and Papers published individually this month’. 


October 1956 


rR 17 


—E 19 


RM 29 


Wednesday R. C. G. WILLIAMS, PH.D., B.SC.(ENG.). 
Chairman’s Address ‘The Electronic Age’t 


Friday V. ATTREE, B.SC.(ENG.) will open a discussion 
on ‘Experiments for the Electronics Laboratory’, 
before the Education Discussion -Circle* (At 6 p.m., 
tea at 5.30 p.m.) 


Monday Informal Evening on ‘The Use of Transistors 
in Radio and Television’, at which there will be talks 
given by A. J. BIGGS, PH.D., B.SC., and E. WOLFENDALE, 
B.SC.(ENG.)T 


Tuesday R. W. SUTTON will open a discussion on 
‘The Use of Electronic Computers in Nuclear 
Reactor Design Studies’ t 


Wednesday P. J. RYLE, B.SC. Chairman’s Address 
‘Engineering Efficiency, Economics and Expediency’ t 


Thursday (In conjunction with The British Nuclear 
Energy Conference.) L. R. BLAKE, PH.D., B.SC. ‘Con- 
duction and Induction Pumps for Liquid Metals’ 
(Paper No. 211 u)|| Synopsis: July 1956 


to 2nd November Monday-Friday Convention on 
Ferrites. (See the article on p. 503 of the September 
issue.) 


November 


M 6 


: 


M 13 


Tuesday €. H. HOLT, PH.D. ‘The Electric Strength of 
Highly Compressed Gases’ (Paper No. 1922 m). (The 
paper will be read by H. TROPPER, PH.D.) 


P. R. HOWARD, PH.D., B.SC.(ENG.). ‘Insulation Pro- 
perties of Compressed Electro-Negative Gases’ 
(Paper No. 2128 M)|| Synopsis: August 1956 


Thursday J. ECCLES, C.B.E., B.SC. Lecture on the Visit 
of the British Electricity Supply Delegation to the 
Soviet Uniont 


Monday c. ¥. FREEMAN, B.SC.(ENG.), will open a dis- 
cussion on ‘Power Factor in Industrial Installations’* 


Tuesday Section Dinner (at the Café Royal) 


OcToOBER 1956 





Wednesday 3. W. ALLNATT, B.SC.(ENG.), E. D. J. JONES 
and H. B. LAW, B.SC.TECH. ‘Frequency Diversity in the 
Reception of Selectively Fading Binary Frequency- 
Modulated Signals, with special reference to Long- 
Distance Radiotelegraphy’ (Paper No. 2151 R)jj 
Synopsis: August 1956 


J. W. ALLNATT, B.SC.(ENG.), and E. D. J. JONES. ‘An 
Investigation of the Spectra of Binary Frequency- 
Modulated Signals with Various Build-Up Wave- 
forms’ (Paper No. 2152 R)|| Synopsis: August 1956 


H. B. LAW, B.SC.TECH., F. J. LEE, R. C. LOOSER, B.SC. 
(ENG.), and F. A. W. LEVETT. ‘An Improved Fading 
Machine’ (Paper No. 2150 R)|| Synopsis: August 
1956 


H. B. LAW, B.SC.TECH. “The Detectability of Fading 
Radiotelegraph Signals in Noise’ (Paper No. 2104 R)} 
Synopsis: July 1956 


H. B. LAW, B.SC.TECH. ‘The Signal/Noise Performance 
Rating of Receivers for Long-Distance Synchronous 
Radiotelegraph Systems using Frequency Modula- 
tion’ (Paper No. 2103 R)|| Synopsis: July 1956 


Thursday ©. R. LAITHWAITE, M.SC., and P. J. LAWREN- 
SON, B.sc. ‘A Self-Oscillating Induction Motor for 
Shuttle Propulsion’ (Paper No. 1988 U)|| Synopsis: 
February 1956 


PROFESSOR F. C, WILLIAMS, O.B.E., D.SC., D.PHIL., F.R.S.. 
E. R. LAITHWAITE, M.SC., and L. S. PIGGOTT, M.SC. 
‘Brushless Variable-Speed Induction Motors’ (Paper 
No. 2097 U)|| Synopsis: June 1956 


Tuesday M. V. WILKES, M.A., PH.D., F.R.S., will open a 
discussion on ‘Data Processing Equipment for 
Experimental Work; A Review of Techniques and 
Methods’ t 


Wednesday G. F. PEIRSON will open a discussion on 
‘Aluminium Conductor Cables’* 


Thursday P. GODFREY, B.SC.(ENG.), will open a dis- 
cussion on ‘The Presentation and Demonstration of 
the Theory of Semi-conductors to Students of 
Electrical Engineering’* (At 6 p.m., tea at 5.30 p.m.) 


Wednesday C. ADAMSON, M.SC.(ENG.), L. BARNES, 
M.SC.TECH., and B. D. NELLIST, M.SC.TECH. ‘The Auto- 
matic Solution of Power-System Swing-Curve 
Equations’ (Paper No. 2035 S)|| Synopsis: May 1956 


A. S. ALDRED, M.SC., and P. A. DOYLE, B.E. “Electronic- 
Analogue-Computer Study of Synchronous- Machine 
Transient Stability’ (Paper No. 2015S)!! Synopsis: 
June 1956 


S. KANEFF, B.E. ‘Dynamic Operation of an A.C. Net- 
work Analyser’ (Paper No. 1947 S) (published in the 
Proceedings, Part A, October 1955) (The paper will 
be read by I. McDONALD) 


Thursday PROFESSOR R. O. KAPP, B.SC.(ENG.). ‘Dif- 

ferences of Opinion about Dimensions’ (Paper No. 

2167)|| Synopsis: September 1956 

* No advance information will be available and no Press 
report will be permitted. 

+ An abstract of the introduction will be available in advance. 


t No advance information will be available. 
|| This paper has now been published individually. 


635 











OFFICERS OF THE INSTITUTION 





PRESIDENT 


PAST- 


PRESIDENTS 


VICE- 


PRESIDENTS 


HONORARY 
TREASURER 


Members of 
Council 


Chairmen and 
Past-Chairmen 


636 


of Sections 
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SIR W. GORDON RADLEY, K.C.B., C.B.E., Chairmen and 
PH.D.(ENG.) Past-Chairmen 


SIR JAMES SWINBURNE, BART., F.R.S. of Sections 
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SIR ARCHIBALD J. GILL, B.SC.(ENG.) 
SIR JOHN HACKING 
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SIR HAROLD BISHOP, C.B.E., B.SC.(ENG.) 
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J. BENNETT 
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Cc. M. COCK 

A. R. COOPER, M.ENG. 

B. DONKIN, B.A. 

PROFESSOR J. GREIG, M.SC., PH.D. 

E. M. HICKIN 

F. J. LANE, M.SC. 

MCDONALD, B.SC. 
MELLING, C.B.E., M.SC.TECH. 
MULLENS, B.SC. 
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PARKER 


Radio and Telecommunication 
R. C. G. WILLIAMS, PH.D., B.SC.(ENG.) 
*H. STANESBY 


Supply 
P. J. RYLE, B.SC.(ENG.) 
*L. DRUCQUER 
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H. J. GIBSON, B.SC. 
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East Midland 
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*F. R. C. ROBERTS 
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P. D’E. STOWELL, B.SC.(ENG.) 
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*G. V. SADLER 
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DOUGLAS S. PARRY 
*MAJOR E. N. CUNLIFFE, B.SC.TECH. 


Scottish 

PROFESSOR F. M. BRUCE, M.SC., PH.D. 
*E. WILKINSON, PH.D., B.ENG. 

South Midland 


Cc. J. O. GARRARD, M.SC. 
*H. S. DAVIDSON, T.D. 


Southern 


H. ROBSON, B.SC. 
*L. H. FULLER, B.SC.(ENG.) 
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PROFESSOR G. H. RAWCLIFFE, M.A., D.SC. 
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W. K. BRASHER, C.B.E., M.A., M.ILE.E. 
F. JERVIS SMITH, M.I.E.E. 
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EAST MIDLAND CENTRE 

Chairman: H. L. HASLEGRAVE, M.A., PH.D., M.SC.(ENG.). ; 

Hon. Secretary: H. T. Price, Brush Electrical Engineering Co. Ltd., Lough- 
borough. ; - 

Hon. ian Secretary: J. BARNES, 13 Oakwell Drive, Ilkeston, Derbyshire. 
Cambridge Radio and Telecommunication Group 

Chairman: J. G. YATES, M.A. 


Hon. Secretary: Capt. N. HILLER, B.SC.(ENG.), Cambridgeshire Technical College 
and School of Art, Collier Road, Cambridge. 


East Anglian Sub-Centre 

Chairman: J. A. SUMNER. : 

Hon. Secretary: Capt. N. HILLER, B.SC.(ENG.), Cambridgeshire Technical College 
and School of Art, Collier Road, Cambridge. 


MERSEY AND NORTH WALES CENTRE 

Chairman: P. D’E. STOWELL, B.SC.(ENG.). 

Hon. Secretary: S. TOWILL, B.SC.(ENG.), 74 Hoole Road, Chester. 

Hon. Asst. Secretary: G. W. BARLOW, B.SC.TECH., c/o The English Electric Co. Ltd., 
East Lancashire Road, Liverpool. 


NORTH-EASTERN CENTRE 

Chairman: J. CHRISTIE. 

Hon. Secretary: R. Bruce, m.sc., C. A. Parsons & Co. Ltd., Heaton Works, 
Newcastle upon Tyne, 


North-Eastern Radio and Measurement Group 

Chairman: A. E. Twycross. 

Hon. Secretary: R. Bruce, M.sc., C. A. Parsons & Co. Ltd., Heaton Works, 
Newcastle upon Tyne, 6. 

Hon. Asst. Secretary: R. F. Cocksurn, Rutherford College of Technology, 
Northumberland Road, Newcastle upon Tyne, 1. 


Tees-Side Sub-Centre 
Chairman: F. W. ALLAN. 
Hon. Secretary: J. G. WINNARD, 18 Richmond Road, Redcar, Yorks. 


NORTH MIDLAND CENTRE 

Chairman: W. K. FLEMING. 

Hon. Secretary: H. A. Carr, c/o A. Reyrolle & Co. Ltd., 20 St. Paul’s Street, 
Leeds, 1 


Hon. "Asst. Secretary: T. H. SCHOLES, c/o A. Reyrolle & Co. Ltd., 20 St. Paul’s 
Street, Leeds, 1. 


North Midland Utilization Group 
Chairman: R. SPENCE. 


Hon. Secretary: G. Auton, Yorkshire Switchgear and Engineering Co. Ltd., 
Meanwood, Leeds, 6. 


Sheffield Sub-Centre 
Chairman: G. G. NICHOLSON, M.ENG. 


Hon. Secretary: J. A. WALKER, 154 Springfield Road, Sheffield, 7. 
Hon. Asst. Secretary: G. H. Byrom, 285 Ringinglow Road, Sheffield, 11. 


NORTH-WESTERN CENTRE 
Chairman: T. E. DANIEL, M.ENG. 
Hon. Secretary: T. T. EvANS, 9 Kingston Drive, Sale, Cheshire. 


Hon. Asst. Secretary: H. DIGGLE, B.SC.TECH., Transformer Engineering Dept., 
Metropolitan-Vickers Electrical Co. Ltd., Trafford Park, Manchester, 17. 


North-Western Measurement and Control Group 
Chairman: F. BEECH. 
Hon. Secretary: J. TROLAN, 25 Highbank Drive, East Didsbury, Manchester, 20. 


North-Western Radio and Telecommunication Group 
Chairman: G. J. SCOLES, B.SC.(ENG.). 


Hon. Secretary: J. Wiis, B.sc., Lecturer in Electrical Engineering, The College 
of Technology, Manchester, 1. 


North-Western Supply Group 

Chairman: C. H. FLURSCHEIM, B.A. 

Hon. Secretary: F. W. GEE, B.SC.TECH., Chief Development Engineer, Transformer 
Dept., Ferranti Ltd., Hollinwood, Lancs. 

North-Western Utilization Group 

Chairman: G. H. DAVIDSON. 

Hon. Secretary: W. F. Jarvis, c/o North Western Electricity Board, No. 1 Sub- 
Area, Town Hall Ext. (4th Floor), Manchester, 2. 

North Lancashire Sub-Centre 

Chairman: E. H. SCHOLES. 

Hon. Secretary and Treasurer: F. Day, The North Western Electricity Board, 
40/41 Lune Street, Preston. 

Hon, Asst. Secretary: J. G. FLoop, The North Western Electricity Board, 40/41 
Lune Street, Preston. 
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Local Centre Officers 





NORTHERN IRELAND CENTRE 
Chairman: DouGuas S. PARRY. 
Hon. Secretary: T. S. Wyute, 37 Thornleigh Gardens, Bangor, Co. Down. 


Hon. Asst. Secretary: W. H. FARMER, Room 49, Telephone House, | Cromac 
Street, Belfast. 


SCOTTISH CENTRE 
Chairman: Proressor F. M. BRUCE, M.SC., PH.D. 


Hon. Secretary and Treasurer: J. H. P. DE VILLIERS, Bruce Peebles and Co. Ltd., 
19 Waterloo Street, Glasgow, C.2. 


Hon. Asst. Secretary: R. L. STANLEY, c/o Johnson and Phillips, Ltd., 59 Berkeley 
Street, Glasgow, C.3. 

North Scotland Sub-Centre 

Chairman: R. B. ANDERSON. 


Hon. Secretary and Treasurer: T. M. MCCAMMONT, North of Scotland Hydro- 
Electric Board, Milburn Street, Aberdeen. 


Hon. Asst. Secretary: H. P. DURRANT, B.SC.(ENG.), c/o Sturrock and Murray Ltd., 
Victoria Dock, Dundee. 

South-East Scotland Sub-Centre 

Chairman: F. G. BENNETT. 

Hon. Secretary: G. 1. THoMas, B.sc., Ferranti Ltd., Crewe Toll, Edinburgh, 4. 


South-West Scotland Sub-Centre 
Chairman: J. W. MACFARLANE, PH.D., B.SC., J.P. 


Hon. Secretary and Treasurer: R. L. STANLEY, c/o Johnson and Phillips, Ltd., 
59 Berkeley Street, Glasgow, C.3. 


Hon. Asst. Secretary: J. Mason, The British Thomson-Houston Co. Ltd., 53 Pitt 
Street, Glasgow, C.3. 


SOUTH MIDLAND CENTRE 
Chairman: G. J. O. GARRARD, M.SC. 


Hon. Secretary: B. H. Cox, Midlands Electricity Board, Mucklow Hill, Halesowen, 
Birmingham. 


Hon. Asst. Secretary: J. C. Pyatt, c/o Central Electricity Authority, 53 Wake 
Green Road, Moseley, Birmingham, 13. 

South Midland Radio and Telecommunication Group 

Chairman: E. E. WARD, PH.D. 

Hon. Secretary: K. B. WILSON, B.SC.(ENG.), Department of Electrical Engineering, 
College of Technology, Gosta Green, Birmingham, 4. 

South Midland Supply and Utilization Group 

Chairman: T. G. D. WINTLE. 

Hon. Secretary: H. C. Fox, George Ellison, Ltd., Perry Barr, Birmingham, 22s. 


North Staffordshire Sub-Centre 
Chairman: A. T. CHADWICK. 


Hon. Secretary: E. BOLTON, B.SC.TECH., Switchgear Design Department, The 
English Electric Co. Ltd., Stafford. 


Hon. Treasurer and Asst. Secretary: D. H. TOMPSETT, B.SC.(ENG.), Nelson Research 
Laboratories, The English Electric Co. Ltd., Stafford. 

Rugby Sub-Centre 

Chairman: J. H. CANSDALE. 


Hon. Secretary: E. S. HALL, c/o Electronics Engineering Dept., The B.T.H. Co. 
Ltd., Rugby. 


Hon. Asst. Secretary: R. W. ROBINSON, 51 Yates Avenue, Newbold Glebe, Rugby. 


SOUTHERN CENTRE 

Chairman: H. Rosson, B.SC. 

iio. Secretary: H. W. Hous.ey, 15 Southdown Road, East Cosham, Portsmouth 
ants. 


Hon. Asst. Secretaries: A. C. TREMAIN, B.SC.(ENG.), Munici College, Ports- 
» Hants. 


mouth, Hants. C. G. BRAMMER, 48 Brecon Avenue, East Cos 


WESTERN CENTRE 
Chairman: Proressor G. H. RAWCLIFFE, M.A., D.SC. 


Hon. Secretary: F. F. FREELING, Midlands Electricity Board, Bowling Hill, 
Chipping Sodbury, Bristol. 


Hon. Asst. Secretary (Bristol): W. D. MorGAan, W. T. Glover and Co. Ltd., 
123 Victoria Street, Bristol, 1. 


ion, Secretary (Cardiff): E. B. BACHELOR, 15 Tredelerch Road, Rumney. 


Western Supply Group 

Chairman: C. J. R. BLACKETT. 

Hon. Secretary: A. A. BECKINGSALE, Central Electricity House, 26 Oakfield Road, 

Bristol, 8. 

Western Utilization Group 

Chairman: E. R. RADWayY. 

pm. fiaroneny: G. M. HuGues-Cauey, B.T.H. House, 119 Victoria Street, 
ristol, 1. 


Hon. Asst. Secretary: W. 8. Evans, Docks Engineer’s Office, Port of Bristol 
Authority, Avonmouth, Bristol. 
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Local Centre Officers (contd.) 


South-Western Sub-Centre 

Chairman: W. R. Rowe. 

Hon. Secretary: G. B. Devey, P.O. Engineering Dept., 23 Victoria Park Road, 
Exeter. 

Hon. Asst. Secretary: S. D. CHAPMAN, ‘Hycrest’, Highbury Crescent, Plympton, 
Plymouth. 


West Wales (Swansea) Sub-Centre 

Chairman: J. L. GRIFFITHS. 

Hon. Secretary: J. HARLEY, ‘Pendower’, Swiss Valley, Lianelly, Carmarthenshire. 
Hon. Asst. Secretary: B. R. EVANS, B.SC.(ENG.), Engineering Dept., University 
College of Swansea, Singleton Park, Swansea. 


Oversea Branches 


CALCUTTA BRANCH 

Chairman: V.S. RisOk, M.B.E., B.SC. 

Hon. Secretary: L. W. BrazeL, The Calcutta Electric Supply Corporation Ltd., 
Victoria House, Calcutta. 


CEYLON BRANCH 

Chairman: E. C. FERNANDO, M.B.E., B.SC.(ENG.). 

Hon. Secretary: M. 1. Aztez, B.sc., Electrical Engineer, Operations and Mainte- 
nance, Dept. of Government Electrical Undertakings, P.O. Box 540, McCallum 
Road, Colombo, 10. 


IRISH BRANCH 
Chairman: P. H. GREER. 
Hon. Secretary: J. D. FERGUSON, B.SC.(ENG.), 28 Merrion Square, N. Dublin. 


Oversea Committees 


AUSTRALIA 
New South Wales 
Chairman: H. H. GEORGE, B.£. 


Hon. Secretary: J. T. Rowwo, c/o Electricity Commission of N.S.W., Power 
Development Division, Box 5257, G.P.O., Sydney. 


Chairman: A. S. FAULKNER. 

Hon. Secretary: W. 1. GeorGe, B.£., c/o The English Electric Co. Ltd., P.O. Box 11, 
Annerley, Brisbane. 

South Australia 

Chairman: K. H. MILNé, B.E. 

Hon. Secretary: J. W. CROMPTON, B.£., 139 Fisher Street, Malvern. 

Victoria and Tasmania 

Chairman: J. WILSON. 


Hon. Secretary: C. A. P. OLDFIELD, c/o State Electricity Commission of Victoria, 
22-32 William Street, Melbourne. 


Western Australia 
Chairman: K. W. TAPLIN, B.E. 
Hon. Secretary and Treasurer: R. R. LAKE, B.£., c/o 132 Murray Street, Perth. 


INDIA 

Bombay 

Chairman: P. L. VERMA, B.SC. 

Hon. Secretary: T. M. SutvramM, Services Engineer (North), B.E.S. & T. Under- 
taking, Electric House, Post Fort, Bombay, 1. 


Madras 


Chairman: Appointment pending. 
Hon. Secretary: R. WRIGHT, M.B.£., 4 Buckingham Gardens, Madras, 12. 


MALAYA AND SINGAPORE 
Chairman: THe OveRSEA REPRESENTATIVE OF THE COUNCIL. 


NEW ZEALAND 

Chairman: F. T. M. KASSEL, LS.0., B.SC. 

Hon. Secretary: E. H. R. GReen, C.B.£., M.SC., Engineer-in-Chief, General Post 
Office, Wellington, C.1. 


SOUTH AFRICA 
Transvaal 
Chairman and Hon. Secretary: A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg. 


Oversea Representatives of the Council 


ARGENTINA 

A. C. Towers, Acassuso 841, Olivos, F.N.G.B.M., Prov. de Buenos Aires. 
BRAZIL 

C. H. pe Norpwa tt, Caixa Postal 3164, Rio de Janeiro. 

BURMA 


C. H. Metor, c/o Rangoon Electric Supply Board, 503/9 Merchant Street, 
Rangoon. 
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Oversea Representatives of the Council (contd.) 


CANADA 
J. M. THOMSON, M.A.SC., PH.D., Ferranti Electric Ltd., Mount Dennis, Toronto 15, 
Ontario. 


CAPE PROVINCE 
C. G. Downie, B.sc., c/o City Electricity Dept., P.O. Box 82, Cape Town. 


CEYLON 
D. P. Bennett, c/o Walker, Sons and Co. Ltd., Colombo. 


EAST AFRICA 
A. O. CosGrove, B.sc., The General Electric Co. Ltd., P.O. Box 5100, Nairobi. 


FAR EAST 

D. S. Hm, Reiss, Bradley and Co. Ltd., National City Bank of New York 
Building, 2 Queens Road C, Hong Kong. 

FRANCE 

P. J. AILLERET, Electricité de France, 12 Place des Etats-Unis, Paris (16°). 


Deputy Representative: M. E. LABORDE, ING.E.S.E., L.éS.SC., Electricité de France, 
12 , ~4 des Etats-Unis, Paris (16°). 


INDIA 
F. em, Magnet House, Chittaranjan Avenue, P.O. Box 8974, Cal- 
cutta, 
Deputy Representative: L. W. BRAZEL, c/o Calcutta Electric Supply Corporation, 
utta. 


ISRAEL 
B. F. Moss, 94 Hayarkon Street, Tel-Aviv. 


MALAYA AND SINGAPORE 

W. TRAFFORD, M.B.F., Telecommunications Dept. (Special Services), Fullerton 
Building, Singapore, 1. 

Deputy Representative: P. J. TYRRELL, B.SC.(ENG.), The B.T.H. Export Co. Ltd., 
P.O. Box 151, Kuala Lumpur. 

MIDDLE EAST 

J. M. Morrts, 0.8.£., The Port Directorate, Basrah, Iraq. 


NATAL 

R. M. O. Simpson, c/o Electricity Dept., P.O. Box 147, Durham. 

NEAR EAST 

A. G. Coates, Chief Engineer (Syria), Iraq Petroleum Co. Ltd., P.O. Box 51, 

Homs, Syria. 

Deputy Representative: Proressor R. W. SLOANE, M.A., PH.D., B.SC., Director of 
Experimental and Service "Laboratories, American University of 

Beirut, Division of Engineering, Beirut, Lebanon. 

NEW gl ~—— 

V. J. F. Brawn, , Chairman, The Electricity Authority of New South Wales, 

Treasury Building, Bridge Street, Sydney. 

NEW ZEALAND 

2 R. GREEN, C.B.E., M.SC., Engineer-in-Chief, General Post Office, Wellington 


PAKISTAN 


R. W. BAILEY, B.SC.(ENG.), c/o Greaves Crompton Parkinson, Ltd., Saifee Develop- 
ment Chambers, P.O. Box 194, Bunder Road, Karachi. 


QUEENSLAND 
J. S. Just, c/o Box 1067N, G.P.O., Brisbane. 


RHODESIA 
A. B. CowEn, 0.8.£., P.O. Box 377, Salisbury. 


SOUTH AUSTRALIA 
G. H. MACHIN, B.E., c/o The Electricity Trust of South Australia, Box 412c, 
G-P.O., Adelaide. 


SWITZERLAND 
L. W. HAYES, 0.B.E., 43 Quai Wilson, Geneva. 


TRANSVAAL 
A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg. 


UNITED STATES OF AMERICA 
Hon. Secretary: R. H. BARCLAY, ate he G. White Engineering Corporation, 80 
Broad Street, New York 4, N.Y., U.S.A. 


VICTORIA AND TASMANIA 

Proresson C. E. MOORMOUSE, M.E.E., gg of Electrical Engineering, 
University of Melbourne, Carlton, N. 3, Victoria 

WEST AFRICA 

J. Houston ANGus, P.O. Box 388, Lagos, Nigeria. 


WEST INDIES 
H. D. WALDEN, B.sc., c/o The Trinidad Oil Co. Ltd., 19 La Carriere Road, 
Point-a-Pierre, Trinid iad. 


WESTERN AUSTRALIA 


J. B. Jukes, B.£., The State Electricity Commission of Western Australia, Electricity 
House, 321 Murray Street, Perth. 


JouRNAL I.E.E. 
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Joint Oversea Groups 


ARGENTINA 
Chairman: R. M. DRYSDALE, A.M.1.MECH.E. 
Hon. Soreenr and Treasurer: J. 


COOMBES, A.M.I.C.E., c/o Percy Grant & Co., 
Aires, Argentina. 





HONG KONG 
Chairman: A. W. BLACK, M.1.MECH.E. 


Hon. Secretary and Treasurer: R. A. YOUNGER, A.M.I.MECH.E., Babcock and Wilcox 
Ltd., Alexandra House, Hong Kong. 


IRAQ AND PERSIAN GULF 
Chairman: J. D. ADDISON, M.LLMECH.E., M.1.E.E. 


Hon. Secretary: J. A. C. KING, A.M. a c/o Department of Electricity, Govern- 
ment of Kuwait, Kuwait, Persian Gul 


SINGAPORE/MALAYAN 
Chairman: S. A. “oxy gp 


Hon. Secretary: C. G. ,» M.SC., A.M.I.MECH.E., A.M.I.E.E., Alliance Engi- 
neering Co. Ltd., 6/7 Telogeah Street, Singapore. 


WEST AFRICA 

Chairman: R. BRIDGMAN, M.I.C.E. 

Hon. Secretary: R. EB. J. WHITE, A.M.1.MECH.E., A.F.R.Ae.S., C/o U.A.C. (Tech.) Ltd., 
P.O. Box 570, Lagos, Nigeria. 


Graduate and Student 
Section Officers 


BRISTOL 

Chairman: D. J. NoRTON. 

Hon. Secretary: T. E. B. CaseLey, S.W. Electricity Board, Romney Avenue, Lock- 
Leaze, Bristol. 


CARDIFF 
Chairman: J. H. DENMAN. 
Hon. Secretary: D. J. WiLuis, 4 Cwm Fedw, Machen, Newport, Mon. 


EAST MIDLAND 

Chairman: R. M. Jers. 

Hon, Secretary: B. WILSON, B.SC., c/o The University, Dept. of Electrical Engi- 
neering, University Park, Nottingham. 

IRISH BRANCH 

Chairman: B. K. SCAIFE, B.SC.(ENG.), PH.D. 

Hon. Secretary: D. M. O’Brien, 23 Orwell Gardens, Co. Durham, 


LONDON 
Chairman: K. W. E. GRAVETT, M.SC.(ENG.). 
Hon. Secretary: J. J. PEACOCK, 98 Lady Lane, Chelmsford, Essex. 


MERSEY AND NORTH WALES 


. Chairman: J. HEATON. 


Hon. Secretary: J. C. B. MACKEAND, B.SC., B.I. Callender’s Construction Co., 
Telecommunication Cable Contracts Dept., Aspinall Street, Prescot, Lancs. 





Graduate and Student Section Officers (conid.) 


NORTH-EASTERN 

Chairman: N. YOUNG. 

Hon. Secretary and Treasurer: J. N. H. WARD, B.SC., 72 Osborne Road, Jesmond, 
Newcastle upon Tyne. 

NORTH MIDLAND 

Chairman: D. Prrts. 

Hon. Secretary: D. HARDY, B.SC., 46 Mountjoy Road, Huddersfield. 


NORTH SCOTLAND 

Chairman: J. B. ABBOTT. 

Hon. Secretary: A. J. S. DAVIDSON, B.SC., c/o Electrical Engineering Dept., Queen’s 
College, Dundee. 


NORTH STAFFORDSHIRE 

Chairman: A. P. BAINES. 

Hon. Secretary: A. DAvtEs, B.SC., Switchgear Engineering Dept., The English 
Electric Co. Ltd., Stafford. 


NORTH-WESTERN 

Chairman: H. HAMMERSLEY. 

Hon. Secretary: J. C. HOpKIns, B.SC., Research Dept., Metropolitan-Vickers 
Co. Ltd., Trafford Park, Manchester, 17. 


NORTHERN IRELAND 
Chairman: R. G. Smrru. 
Hon. Secretary: T. C. Jackson, 99 Deerpark Road, Belfast. 


RUGBY 

Chairman: A. R. PETHERAM, B.SC.(ENG.). 

Hon. Secretary: A. J. GiLBert, Plant Engineering Department, British Thomson- 
Houston Co. Ltd., Rugby. 


SHEFFIELD 
Chairman: D. T. MACLACHLAN, B.SC. 
Hon. Secretary: H. C. Mortimer, 5 Guest Road, Sheffield, 11. 


SOUTH-EAST SCOTLAND 
Chairman: B. M. MCNEILL. 
Hon. Secretary and Treasurer: 


SOUTH MIDLAND 

Chairman: A. H. Boyson. 

Hon. Secretary: J. B. ATKINSON, B.SC.(ENG.), 1 William Bree Road, Allesley, 
Coventry. 


SOUTH-WEST SCOTLAND 
Chairman: J. C. EASTON. 
Hon. Secretary: P. 1. CLARE, 12 Herries Road, Maxwell Park, Glasgow, S.1. 


SOUTHERN 

Chairman: J. WILLIAMSON. 

Hon. Secretary: R. J. BARNARD, B.SC., 34 Brockenhurst Avenue, Leigh Park, 
Havant, Hants. 


TEES-SIDE 
Chairman: R. J. WEIR, B.ENG. 
Hon. Secretary: J. A. Smit, 15 Zetland Road, Stockton-on-Tees. 





. 


Local Honorary Treasurers 
of the Benevolent Fund 





East Midland Centre R. C. Woods 
Irish Branch A. Harkin, M.E. 
Mersey and North Wales Centre D. A. Picken 


North-Eastern Centre 
North Midland Centre 


J. F. Skipsey, B.Sc. 
J. R. Rylands, M.Sc. 


Sheffield Sub-Centre F. Seddon 

North-Western Centre W. E. Swale 

North Lancashire Sub-Centre G. K. Alston, B.Sc.(Eng.) 
Northern Ireland Centre G. H. Moir, J.P. 

Scottish Centre R. H. Dean, B.Sc.Tech. 
North Scotland Sub-Centre P. Philip 

South Midland Centre Capt. J. H. Patterson, R.A 
Rugby Sub-Centre H. Orchard 

Southern Centre G. D. Arden 

Western Centre (Bristol) A. H. McQueen 

Western Centre (Cardiff) David J. Thomas 
South-Western Sub-Centre W. E. Johnson 

West Wales (Swansea) Sub-Centre O. J. Mayo 


OcToBER 1956 


District Meetings 


Arrangements for District Meetings in November other than 
those in the area of a local centre. 


OXFORD (At the Southern Electricity Board, 
37 George Street, Oxford, at 7 p.m.) 
1956 
November 14 Wednesday F. W. HIGHFIELD. ‘Automation and 
Electronics in Industry’* 


READING (At the George Hotel, King Street, 
Reading, at 7.15 p.m.) 

November 12 Monday FORBES JACKSON will open an informal 
discussion on The Thirteenth Edition of the 
Wiring Regulations* 
* No advance information will be available. 
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NEWS from Abroad 








ARGENTINA 


Members of the Argentina Joint Oversea Group attended a 
cocktail party and film show at the English Club, Buenos 
Aires, on the 21st June 1956. The film illustrated the design 
and construction of the Calder Hall nuclear power station, 
and before the film began Mr. W. G. Morton, Chartered 
Electrical Engineer, gave a very interesting explanation of 
the station in Spanish. A good attendance of about 60 people 
included members of local engineering organizations. The 
evening proved to be most enjoyable and instructive. 

are % 


AUSTRALIA 


VICTORIA AND TASMANIA 
OVERSEA COMMITTEE 


The Local Committee has been reconstituted and now consists 
of the following members: 


Chairman: 

Vice-Chairman: 

Hon. Secretary 

Hon. ct 

Oversea Representative 
of the Council: 

Ordinary Members: 


Mr. J. Wilson. 
Mr. W. W. Cooper. 


Mr. C. A. P. Oldfield. 


Professor C. E. Moorhouse. 

Mr. D. Broadbent. 

Mr. G. T. Cuthbert. 

Dr. B. G. Gates. 

Mr. C. J. Griffiths 

Mr. F. G. Hogg. 

Mr. C. G. E. Joslin. 

Group-Capt. A. G. Pither. 

Acting Professor H. P. Tuck (Tasmania). 
Mr. B. Woodfull. 


Mr. Broadbent has been made Social Secretary and Mr. 
B. Woodfull convener of a hosritality sub-committee which 
has been formed to welcome members of The Institution who 
are newcomers, or visitors, to Melbourne. 

On the 13th July 1956 a successful social evening for local 
members and their wives was held at the university. After a 
buffet dinner at the Union there was a showing of films, one 
of them being The Inquiring Mind. C. E. M. 


BURMA 


Engineering Education in Burma 


On the 26th June and the 3rd July 1956, the Association of 
Engineers in Burma held a seminar on Engineering Education 
under the chairmanship of U Kyaw Sein, Chief Engineer to 
the National Housing Board. The subject was introduced by 
U T. Ba Hli, Dean of the Faculty of Engineering, University 
of Rangoon, who gave an interesting résumé of the history 
of engineering education in Burma and described how it had 
suffered under the variable winds of economic depression. 
At the present time, major extensions to the engineering 
college at the Rangoon University and the Technical Institute 
at Insein are under construction, together with a new Poly- 
technic Institute, also in Rangoon. The object is to provide 
new educational facilities for Burma’s considerable engineer- 
ing and industrial programmes. 

U Ba Hli was followed by other speakers associated with 
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engineering education who described the steps now being 
taken and some of the difficulties that are encountered. One 
criticism was that Government policy did not give sufficient 
encouragement to the practical technician; as one speaker 
pointed out, the student at the bottom of the university 
pass list could enter Government service at a higher grade 
than the student at the top of the technical college list. 
Another speaker said that ‘the result of this situation, if 
allowed to continue for another few years, will be an engineer- 
ing army in which the officers may be counted in thousands, 
the non-commissioned officers in hundreds, and the private 
soldiers in tens’. 

Reference was also made to the practice among students of 
not listening to lectures but attempting to copy them down 
verbatim with the intention of committing the words to 
memory without having any idea of their meaning. One 
speaker said that many indigenous lecturers taught those 
subjects which they themselves had learned when they were 
undergraduates, and these subjects were invariably what 
their lecturers had learned in their undergraduate days. 
Consequently, much time was spent in the study of methods 
that had been outdated for decades, to the neglect of modern 
development. 

Speakers emphasized the necessity of students proceeding 
oversea to study, taking advantage of opportunities offered 
them for practical engineering rather than for reading for 
honours degrees. It was pointed out that a practical approach 
was often absent in the students, and that whereas nearly all 
British boys who intend to study engineering have a working 
knowledge of many technical matters at the time they leave 
school, this is exceptional for Burmese boys. A degree is often 
looked upon solely as a means of providing a good social 
status and standard of living in Government employment. 

The speakers associated with the teaching of engineering 
subjects were followed by a number of Burmese, British and 
American engineers holding executive or advisory positions 


in the country. They all emphasized the need for a sound: 


basic technical education on which it would be possible to 
construct a practical approach to engineering. One speaker 
stated that, in the organization which he was advising, few 
of the senior engineers had received anything more than an 
elementary education, and this fact had its bearing on the gross 
inefficiency in his particular service. Another speaker stated 
that one of the most essential ingredients for an engineer 
who hoped to reach a responsible position was force of 
character and the ability to get his own way in the face of 
opposition. 

In Burma, as in many other countries, educational control 
is a matter of Ministerial policy. Utilities and industries are 
largely controlled by Boards composed of politicians or 
retired Civil Servants. Invitations to the seminar were freely 
circulated to those who control policy, but it is regrettable 
that few, if any, attended, and none took part in the pro- 
ceedings. Moreover, although the meeting was held in the 
university premises few students were present. 


TRINIDAD 


On the 17th November 1956 the Governor of Trinidad and 
Tobago, Sir Edward Betham Beetham, will officially open the 
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10 MW extension at the Port of Spain power station which is 
controlled by the Trinidad and Tobago Electricity Commission. 

The Commission is a public corporation which aims to 
provide on a commercial basis a cheap and reliable supply of 
electricity for use throughout the colony. It owns three power 
stations: one at Port of Spain, with an installed capacity of 
21 700kW, which is now being raised to 31 700kW;; a second 
at Penal in South Trinidad, with a capacity of 10000kW, and 
a third at Tobago, where there is a small Diesel plant of 
capacity 55SO0kW. A 20MW turbo-alternator is now being 
installed at the Penal station and will be ready next year. 
Natural gas is used for fuel at this station. The installation of 
the new turbo-alternator at the Port of Spain power station 
involves the construction of a 60000lb/hour boiler and a 
170 ft chimney. The turbo-alternator and the boiler have both 


been manufactured by British firms. The total cost of the 
extension to the station is about £310000. 


OVERSEA ATTENDANCE REGISTER 


During the period Ist August to 3lst August 1956 the following 
members called at the Institution Building and signed the Attendance 
Register of Oversea Members: 


cULLY. R. | Geante. 
CUMMINS, .» B.E. (Wellington, 


New ~ ty 
ag tt R., B.SC.(ENG.) 
og A. E. (Ontario 


KING, J. ) 0.B.E s; Ceeee. as) 
MILLER, W. LL. E. (Hong 
MOSTAFA, “ABD acy trite B.SC., 


Alexandria). 

POTWOROWSKL T., B.SC.(ENG.) 
(Caracas, Venezuela). 

SHEARMAN, MRS. B., B.A. (Bagh- 


SLATER, D. R., 8.SC.(ENG.) (Johannes- 


ROOK, D. J. P. _* Fernando, le 
). SLOANE, PROFESSOR R. W., M.A., 

JAMES. A., B.SC. (Lagos). PH.D., B.SC. Petree Beirut). 

JOYNER, W. S. (Melbourne). TAYLO R. D. .» M.B.E. (Baghdad). 





BELFAST 
NORTHERN IRELAND CENTRE 


Memories of Last Session 


The second half of the 1955-56 Session began in strength at 
the February meeting, when Lt.-Cmdr. F. R. J. Spearman 
and Mr. J. J. Gait delivered the paper entitled Tridac, a Large 
Analogue Computing Machine. The memories of that paper 
are now rather vague to the writer, although, like the lectures 
he attended at the university, the whole thing seemed crystal 
clear (or almost) at the time. Others, however, were emboldened 
to ask questions which seemed penetrating if incompre- 
hensible, and to these the authors gave serious if cautious 
answers. The final impression was one of vastness and 
grandeur, far in excess of anything hitherto experienced, with 





A group taken at the Annual Dinner and Dance of the Northern 
Ireland Centre 


Left to right: Mrs. Willis Jackson, the Lady Mayoress, Dr. Willis 
Jackson, the Lord Mayor, Mrs. Cunliffe, Major Cunliffe. 
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HOME EVENTS 


a slight regret that it was all devoted to hypothetical missiles 
chasing hypothetical targets in a hypothetical atmosphere. 

At the March meeting we returned to earth to hear about 
The Standardization of Retail Electricity Tariffs. Mr. A. O. 
Johnson read the paper and presented one solution to a 
controversial question in a very convincing manner. The 
discussion which followed showed that everyone agreed with 
standardization provided that his particular tariffs were the 
ones chosen. Equity and complexity vied with expediency and 
simplicity, and the result was a draw, for the consumer wants 
equity and simplicity and he cannot have both. The way is 
open to many more entertaining papers and discussions on 
this absorbing topic. 

Automatic Circuit Reclosers were introduced by Messrs. 
A. H. Pollard and N. Care at the April meeting. Although the 
case for the use of these devices was vigorously stated some 
of the members who joined in the discussion showed them- 
selves far from convinced. Others expressed considerable 
interest in the reclosers and yet others seemed confused 
between them and circuit-breakers subjected to automatic 
reclosing. 

The attendance at the Annual Dinner and Dance held on 
the 20th April 1956, at the Grand Central Hotel, Belfast, was 
a record. The toast of ‘Our Visitors’ was proposed by our 
Chairman, Major E. N. Cunliffe, and Dr. Willis Jackson, 
VICE-PRESIDENT, and Alderman R. J. R. Harcourt, the Lord 
Mayor of Belfast, responded. Other guests included Mrs. 
Willis Jackson and the Lady Mayoress, Mr. A. J. Litton 
(Chairman, Irish Branch) and Mrs. Litton. 

The session closed with the Annual General Meeting on 
the 8th May. It has been the custom here, for some years, to 
make this meeting more attractive by inviting a speaker to 
address the meeting on some topic of general interest. This 
year, with the co-operation of the United States Consulate, 
two related sound films were presented on The Balance of 
Nature and The Tennessee Valley Authority respectively. That 
the combined effort of a great nation was necessary to restore 
what a few destroyed provided a suitable thought with which 
to conclude our year’s work, D. S. M. 
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ANNOUNCEMENTS TO MEMBERS 








THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 25TH SEPTEMBER 1956 


No. of 
Contributors £ s. d. 
£1000 and over 6 6000 0 0 
£100 to < £1000 30 6586 3 0 
£5 to <£100 811 8641 6 3 
£2 to <£5 1933 5282 10 8 
Under £2 19889 10417 15 2 
£36927 15 1 

SCHOLARSHIPS 


The following scholarships have been awarded by the Council 
for 1956: 
RESEARCH SCHOLARSHIPS 
Ferranti Scholarship (Annual value £500; tenable for 
two years) 
University of London, Queen Mary 
College. 


Oliver Lodge Scholarship 


J. V. OLDFIELD 


(Annual value £420; tenable for 
one year) 


University of London, Imperial 
College of Science and Technology. 


M. REepwoop* 


I.M.E.A. Scholarship (Annual value £420; tenable for 
one year, but may be extended) 
T. C. DENTON University of London, Imperial 


College of Science and Technology. 


Swan Memorial Scholarship (Annual value £300; tenable for 
one year) 

University of London, Imperial College 

of Science and Technology. 


D. J. HALL 


The C. P. Sparks War (Annual value £50; tenable for 
Thanksgiving Fund one year) 
P. C. J. Hitt University of Birmingham. 
C. B. NEWPORT University of Birmingham. 


GRADUATE SCHOLARSHIPS 


Silvanus Thompson (Annual value £400; tenable for 

Scholarship one year, but may be extended) 
University of London, Imperial College 
of Science and Technology. 


L. O. IBUKUN 


STUDENT SCHOLARSHIPS 
Duddell Scholarship (Annual value £200; tenable for 
one year, but may be extended) 
University of Cambridge. 


(Annual value £150; tenable for 
three years) 
University of Manchester, Manchester 
College of Science and Technology. 
* Extension of award made in 1955. 


+ Award deferred until 1957 for did to compl 
training. 
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W. T. Norris 
Manville Scholarship 


A. A. GARDNERT 


one year of pre-university 





Paul Scholarship (Annual value £120; tenable for 
three years) 
I. J. MILNE University of Manchester. 


The Arthur Fleming (Annual value £120; tenable for 
Scholarship four years) 


D. A. HARMAN Sandwich course with the English 
Electric Co. Ltd. 
Salomons Scholarship (Annual value £60; tenable for 
one year) 
R. G. WILLSON Loughborough College of Technology, 
David Hughes Scholarship (Anaual value £60; tenable for 
one year) 
T. M. JONES University College, Cardiff. 
The Sir Charles A. Parsons (Annual value £60; tenable for 
Memorial Scholarship three years) 
D. McNALLY University of Manchester. 
Geipel Scholarship (Annual value £50; tenable for 
four years) 
B. S. PARKER Leeds College of Technology. 


(Annual value not exceeding 
£25; tenable for one year, but 


Thorrowgood Scholarship 


may be extended) 
E.A.HUNTINGTON Derby Technical College. 
K. JACKSON Royal Technical College, Salford. 
B. P. TALBOT Brighton Technical College. 


DEFERMENT OF CALL-UP 


In the June Journal details were given of a recent decision of 
the Ministry of Labour and National Service enabling 
graduates in chemical engineering, physics or general science 
with physics to obtain deferment of call-up under specified 
conditions, to undergo a graduate apprenticeship in electrical 
engineering. The Ministry has now extended this ruling to 
apply to graduates who have secured degrees in applied 
science or mathematics by full-time courses of study. 


CALDER HALL SYMPOSIUM 


The Symposium of papers on the Calder Works Nuclear 
Power Plant will now be held in November at the Central 
Hall, Westminster, instead of at The Institution of Civil 
Engineers. See p. 625. 


THE INSTITUTION TIE 


Members will already know from the announcement in the 
June Journal, that Institution ties in silk, and rayon-silk, are 
now available (to any class of member). As some members 
have expressed the wish to have a tie manufactured from @ 
heavier-quality silk, the ties will in future be obtainable in 
three qualities as follows: 

Rayon-silk, 15s.; Silk, £1 1s.; Silk (heavy quality), £1 3s. 6d. 
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PUBLICATIONS OF THE INSTITUTE 
OF PHYSICS 


Members are advised that from the Ist January 1957 the 
charge to them for the British Journal of Applied Physics will 
be £2 10s. instead of £2 as at present. The charge for the 
Journal of Scientific Instruments, also published by the 
Institute, will remain at £2 10s., and a combined subscription 
to the two publications will be £5. 


F.B.I. OVERSEAS SCHOLARSHIPS 


As some members will know, the Federation of British 
Industries has during recent years run a scholarship scheme 
to give industrial training to both recently graduated and 
experienced engineers from abroad. The three types of scholar- 
ship offered cover training from six to twenty-four months, 
and most or all of the living expenses of a successful candidate. 
Applicants for the scholarships may come from any ‘develop- 
ing country’, they must hold a degree or diploma in engineering 
issued by a recognized training establishment, they must be 
able to speak and write English well, and they must undertake 
to return to and follow their professions in their own country 
on conclusion of the training period. The scheme is financed 
by individual engineering firms, the Government, and 
the F.B.I. 

Recently the F.B.I. has issued a report* summarizing the 
progress of the scheme and appealing for additional firms in 
this country to take on scholarship candidates for engineering 
training. In a foreword to the booklet a Past-President of 
The Institution, Sir Arthur Fleming, explains the purpose of 
the scheme in the following words: 

The F.B.I. Overseas Scholarships Scheme is based on the 
proposition that by training engineers from developing 
countries overseas in our factories here, we not only help 
them and their countries but also ourselves; because, on 
their return home, these young engineers will be more likely 
to “buy British”’. 

Excellent reports have been received from many firms on 
the F.B.I. scholars who have already been trained by them. 
Up to the present over 150 scholarships have been awarded 
in 20 countries in the Commonwealth, Latin America and the 
Middle East. There is a growing need for engineers oversea, 
and the vast projects that have been planned in places such as 
India, the Middle East, Rhodesia, the Gold Coast, and Latin 
America cannot be carried through successfully unless there 
is an increased supply of trained engineers. The report states 
that because of the big development schemes now planned 
for the Middle East it is particularly appropriate that the 
scheme should have been extended this year to more Middle 
East countries; 35 scholarships from the next batch of 120 
will go to such countries. Here Britain faces not only her 
traditional competitors but also the increasing efforts of the 
Soviet Union. Engineers trained in Britain make a useful 
contribution towards building up goodwill for British 
engineering products. 

_ The list of firms participating in the scholarship scheme 
includes many of the principal engineering firms of the 
country. The F.B.I. is anxious to extend the scheme, and 
those in a position to offer training in an engineering firm 
that is not yet giving it to engineers from abroad are asked 
to write to the General Secretary, Federation of British 
Industries, 21 Tothill Street, London, S.W.1. Copies of the 
report referred to in this note can be obtained from the same 
address. 

* F.B.L Overseas Scholarships. Report to 31st March 1956. 
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COMMONWEALTH FUND 
FELLOWSHIPS 


OPPORTUNITIES FOR STUDY AND TRAVEL IN THE U.S.A. 


British subjects are eligible for Commonwealth Fund Fellow- 
ships for advanced study and travel in the United States. 
The categories of fellowships open to them include: 


General. Twenty fellowships for graduates of a university in the 
United Kingdom. Candidates will be interviewed in March 1957, and 
must be between 23 and 32 years old. The tenure of the fellowships is 
from 12 to 21 months. The closing date for applications is the 
15th December 1956. 


Home Civil Service. Five fellowships for permanent members of the 
higher grades of the Home Civil Service in Great Britain, with two 
allocated to the scientific and professional grades. The tenure of the 
fellowships is from 9 to 15 months. Candidates must preferably be aged 
under 40. The closing date for applications is the 10th December 1956. 


The fellowships provide for all expenses of travel, study and 
living, and there are marriage allowances to help successful 
candidates to support their wives and families at home. The 
Committee of Award must be satisfied about the value of the 
candidate’s proposed programme of study or research in the 
United States. 

Full details, including the value of the emoluments offered, 
are available from the Warden, The Commonwealth Fund, 
Harkness House, 35 Portman Square, W.1. 


VERBAND DEUTSCHER 
ELEKTROTECHNIKER E.V. 


Reciprocal arrangements for the extension of privileges to 
visiting members have now been established between The 
Institution and the Verband Deutscher Elektrotechniker e.V. 
(VDE). The Secretary of The Institution will gladly give a 
letter of introduction to a member visiting Germany. 

Publications of the VDE will be available to members at the 
following specially reduced annual subscriptions: 


Elektrotechnische Zeitschrift edition A (ETZ-A) d.m. 24 (£2) 
(two numbers monthly) 

Elektrotechnische Zeitschrift edition B (ETZ-B) d.m. 18 (£1 10s.) 
(one number monthly) 

Elektrotechnische Zeitschrift edition A and B d.m. 36 (£3) 
(three numbers monthly) 

Nachrichtentechnische Zeitschrift (NTZ) d.m. 24 (£2) 


(monthly) 


Members wishing to receive any of these publications are 
requested to place their orders through the Secretary. 


WORLD POWER CONFERENCE 


The Yugoslav National Committee of the World Power 
Conference are now making preparations for the Sectional 
Meeting to be held in Belgrade from the 5th-10th June 1957. 
The working languages will be English, French, German and 
Russian, with simultaneous translation into all four languages. 
The meeting proper will be followed by three alternative study 
tours in various parts of Yugoslavia. Copies of the programme 
of the meeting, with membership application forms, will be 
available in November 1956 from the Secretary, British 
National Committee, World Power Conference, 201 Grand 
Buildings, Trafalgar Square, London, W.C.2. 

As already announced, the next Plenary Meeting, i.e. the 
Sixth World Power Conference, will be held in Australia in 
1962, the month probably being October. The actual town in 
which the Conference will meet has not yet been selected. 
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NUCLEAR POWER 


Experiments on the heat-transfer 
characteristics of heat-exchanger 
tubes being carried out at the design 
laboratories of one of the four 
British industrial groups who are 
concerned with the design and 
construction of nuclear power 
stations for commercial operation. 
The Central Electricity Authority 
is at present considering the tenders 
submitted by these four groups for 
its first two nuclear power stations, 
which are to be built at Bradwell- 
on-Sea in Essex and Berkeley in 
Gloucestershire. 





Contents of the Gurrent Issues of the Proceedings 


DATE OF JOURNAL 
REVIEW OR PART A. POWER ENGINEERING (OCTOBER 1956) 
SPECIAL ARTICLE 
M. W. MAKOWSKI, DIPL. ING., AND K. MOCHLINSKI, DIPL. ING. 
July 1956 An Evaluation of Two Rapid Methods of assessing the Thermal Resistivity of Soil (PAPER No. 1942 M, DecemBER 19; 
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